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Wan Dzrarnwxnt, 
Ormox or Tax Cuter or Starr, 
Washington, November 19, 1909. 

The Bngineer Field Manual, United States Army, propared under the direction of 
the Chief of Engineers, U. 8. Army, is published for the information and guidance 
of all concerned; ft will not be modified exoopt by specif, ‘suthority ‘cives in each 
caso. 

Any changes or suggestions that may oocur to offlcers or others using the manual 
will'be submitted to the Oblef of Engineers for consideration in connection with the 
publication of future editions. 

order of the Secretary of War: 
a J. Faarnuim Bett, 
Major 
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vorsee», Google 


Wan Depantoent, 
Orrice or THE Curr oF ENGINEERS, 
Washington, March 12, 1907. 
‘The Adjutant General. 

Sin: 1. By authority of the Secretary of War, six parts of the Fngineor Fie 
Manual, compiled under the direction of this office by Lieut. Col. Smith 8. Leach, 
Corps of Engineers and Goneral Staff, have been published in five separato volumes, 
‘These parts ere: Part I, Reconnaissance; Part 11, Bridges; Part I1I, Roads; Part 
IV, Railroads, and Part V, Field Fortification (in one volume); and Part VI. 
‘Animal ‘Transportation. Each of these alx parts recelved the approval of the Chiet 
of Staff before its publication. 


2, It is now desired to publish under a single cover these six parte, revised and 
corrected, for issue to the service when ready for distribution. 

3, In addition to the correction of such errors as have been discovered in the 
‘original editions, it is proposed to add some new matter to bring the work up to date. 
‘The most important edition is a doscription ofthe new typegof instruments adoptod 
in 1906, It is also desired to add, in Part I, a brief description of the new military 
‘survey of Cuba; some additional topographical signs and symbols recently prescribed 
by the General Staff, and a brief account of the new system of angular measurement 
in mila adopted for position finding by the Field Artillery; to incorporate, iu Part II, 
‘a very useful table of dimensions of floor systems for stated loads and spans, and to 
incorporate, in Part V, « plate and description of the Fort Riley redoubt, which pre- 
sents several excellent features of design. It is proposed to add the new matter at 
convenient places as nearly in its topical relation as possible, but under a caption 
“Addenda, 1907." 

4. The mechanical work involved in the preparation and publication of this 
revised edition would be, roughly, as follows: Drawing and engraving of four or 
five plates; making of a consolidated index; composition of the equivalent of about 
thre or four pages of text, composition of consolidated Index {about 48 ages) 
olectrotyping of new plates, new pages of toxt, and new index; repaging of at 
to VI, both inclusive, and printing and binding of 1,000 copies of the complete work, 
the edver to have a pocket, « penell tube, and ® broad flap folding over the beck. 
‘The manuscript of a proposed introduction and lst of authorities is inclosed. 

5, The matter in the six parts as now published is clectrotyped; the electrotype 

tes are at the Government Printing Office. ‘The expense of drawing and engrav- 
ing tho new plates, of preparing the new matter, and of making th dated 
index would be chargeable to the appropriation carried by the army appropriation 
‘act approved June 12, 1906, ‘For pontoon material, tools, instruments, and supplies 
Fequired for uso in the engineer equipment of trodps, including the purchase and 
preparstion of engineer manuals,” of which there is an evailablo balance sufficient 
for the purpose; the expense of composition, electrotyping, repaging existing elec- 
trotype plates, and of printing and binding’ to bo borne ation for 
public printing and binding. ‘The paper for the work is on in office. 

6. Ihave the honor to recommend that 1,000 copies of the revised edition of the 
six parts of the Engineor Field Manual, as hereinbefore described, and their accom- 
panying plates be printed at tho Government Printing Office and furnished for the 
‘use of this office on the usual requisition, the cost to be paid as stated in the preceding 
Paragraph. 

7. A copy of each of the parts as published is submitted herewith. 

‘Very respectfully, 






























A, Mackenziz, 
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ENGINEER FIELD MANUAL. 
INTRODUCTION. 


In April, 1899, the Chief of Engineers directed the Commandant of the Engineer 
School to enter upon the preparation of an Engineer Field Manual, At the samo 
time all officers of the Kogineer Corps who hed been in the fleld during the Spanish 
‘war were invited to contribute data and suggestions, and many of them did #0. At 
the Engineer School the work of compilation was committed to the instructor in 
civil ongincering, then Capt. Henry Jervoy, and under his control, and by 
his own hand, a general plan of a manual was worked out, manuscript and pl 
Prepared on the subjects of reconnaissance and bridges, and more or lees complete 
notes on roads and rallroads. 

‘The instructions of the Obief of Engineers required a topical division and publica- 
tion by parts, as completed. ‘The part on reconnaissance was published in tentative 
form and distributed to oftcers of Engineers and other arms and to few civil engl 
neers, for comment and criticism. ‘The parts on bridges and roads were sent in 
manuscript to certain Engineer officers for like criticism. As. result, the method 
of treatment of subject-matter and the mechanical features of the book were defl- 
nitely determined and it was decided to revise the work alreedy done to conform it 
to the modified plan and to republish Part I. 

At this stage, 1903, the pressure of work at the Engineer School made it necessary 
{o place this duty in ther hands and it was devolved upon the commanding officer 
df the First Battalion of Engineers, and shortly thereafter the relation of that of- 
cer to the preparation of the manual was made personal, instead of ex-officio, and all 
subsequent work has been by the same hand. 

By July 1, 1908, six parts hed been published—reconnaissance, bridges, roeds, 
railroads, field fortification, and animal transportation. ‘These parts aro now col” 
lected in'a single cover, with corrections of errors which crept into the first edition 
‘and some additions of new matter which has become available since the first publi- 
cation. The most important of these additions, made by direction of the Chief of 
Btalf, is the incorporation of the signs, etc., for finished mape, published by author- 
ity of the Secretary of War in 1904. A few minor changes which have been ap- 
Proved, will be noted. 

‘The ‘opportunity now first offers to make acknowledgment of sources from which 
material has been drawn and of assistance rendered by persons in the preparation 
‘and publication of the manual. 

As to authorities, a Hst 1s appended of works which have been consulted and 
from which facts or suggestions have been derived. Other works have been con- 





‘the indebtedness to which is too obvious to require mention, but too important to 
It it to be dispensed with. Substantially no matter from any source 1s quoted. 

tho exigency of space required everything used to be rewritten with a view to con- 
densation. In addition to the works cited, much valuable information, especially 
‘as to railroads and fleld fortifications, was obtained from the reports of military ob- 
servers with the Jepancee and Russian armies and from fugitive publications as to 
‘the war in Manchuria, Of the latter, the Journal of the Royal Fugineers of Great 


Britain deserves special mention. 
Personal assistance in the preparation of text has come exclusively from brother 

fears of the Corps of Tngineers, with the single exception of “ Landscape Sketch 

ing,” paragraph 85, and plates 39 and 40, “ Reconnaissance,” which was abstracted 

from material tarnished by Professor 0. W. Larned of the Military Academy, In 

verifying, criticising, and correcting the work of the compiler, many offcare ANS 

Feadered assistance in greater of leas sere: ‘and none who have hoa GoW 

ive 





assist have refused. But afew have given wo much ot Yime end hor wate ES 
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mention by namean sctof simple justice. Lieutenant Colonel Abbot, whohas handled 
the manual in the office of the Chief of Engineers during the entire period of prepara- 
tion and publication, has contributed never-failing enthusiasm, encouragement, and 
‘counsel, which have been of the greatest possible assistance, ‘Major Rees read crit- 
foally the parts on reconnaissance, bridges, and roads. Major Sibert and Licuten- 
ants Johnston and Spalding did the same for railroads. Captain Connor read the 
same part and forwarded a paper of his own on the subject, from which some sugges- 
tions were taken. Major Gaillard read the perce on eld fortifeation and animal 
transportation and made valuablo suggestions from personal experience with paci 
trains. Cuptain Cheney read the part on animal transportation and made valuable 
suggestions. This part was also read by Dr. Hunter, V. 8., Sixth Cavalry, and Mr. 
Daly, chiet pecker, upon whose approval much of its value rests. ‘The original draw- 
ings for Parta I and 11 were made by enlisted men of the Second Battalion of Eng 
neers, under the supervision of Major Judson, instructor of military engineering at 
Engineer School. ‘The names of these men, unfortunately, have not beon made of 
record. These drawings were revised and those for Parta III and VI made by Ser- 

it Piblgrem, of the First Battalion of Engineers, assisted for @ short time by 

‘Flugol of the same organization. The drawings for Parts IV and V and the 

Addenda were made by Mr. 8. P. Hollingsworth, of Washington, D. 0. The index- 
ing, partial and coneolidated, was done by Mr. G. T. Ritchie of the Library of Oon- 
grees, Mr. Pickering Dodge, chief clerk, U. 8. Engineer Offce, Washington, D. C., 
‘contributed valuable assistance in final proof reading. 


LIST OF BOOKS CONSULTED. 
‘Thoory and Practice of Surveying. Johnson. 


Military To} and Sketching. Root. 
Tables and Formule, Lee. * 
Higher Survoying.. Gillespie, 

‘Roads and Railroads. Gil 





Engineer's Pocketbook. Trautwine. 

¥, 5. Beidge Equipage and Ponton Drill. 
Military Bridges. Haupt. 

Roads and Pavements. Baker. 

Masonry Construction. Baker. 

Highway Construction. Byrne. 

oonomic Railroad Location, Wellington. 
Railroad Construction, Webb. 


‘The Railroad Spiral. Searles. 
The Roadmaster’s Assistant. Railroad Gazette. 
Locomotive Breakdowns. Emergencies, and their Remedies, Fowler. 
‘Toxt-book on Locomotives. “International Correspondence Schools. 
Train Rules and Train Dispatching. Dalby. 
Blok staal Operations Der 
Letters of an Old Railway Official. Hine. 
Manual of Field Bagineering. Beach. 
Menual ot Military Engiseering. Est 
Z . 
‘Attack of Fortified Places. Mercury 
oval agineare Aide Seiote 
Handbook of Modern Explosives. Eissler. 
‘Woolwich Text-book, Parts I and II. 
Chatham Text-book, Parts II and III. 
Text-book of Field Engineering. Phillips. 
Field Fortification. Hutchinson. 
British Manual of Field Engineering. 1903. 
‘Destruction of Obstacles in Campaign, Bornecque, Tr. Barr. 


Packer's Manual. . 
‘Treatise on Fooding and Training of Mules. Riley. 
Military Transport. Furse. 











PART I. 


RECONNAISSANCE. 
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PART I—RECONNAISSANCE, 


» as here treated, includes suitable nieans for 
‘needful information of a terrain in the shortest poseible 
of accuracy required for the operations of ‘cops in the 


‘a record when ninde, to determine from it the favorable 
of the terrain, for the purpose of directing military operations 
to be 


obtained in a topographical reconnatasance may be 
the headingsof time, cover, resources, and nomenclature, ‘Ths 
it a determination of tho. time which a column will require 10 
ay two klven puta by showing the distance betwen hem and the 
he road or country which must be-traversed, at regards Ile effect on 
fhe rate of march he acidente of ground wih wil alr covcr to the army oe 
jocation, quantity, ity of water, fuel, grass, ete. and abould 
Regi Ra esa itontare ftn'iocal nasie,. The ast 
find fs the one most often neglected. 


The fundamental tical is the determination of the 
Ghpection and chaance of one petat bom auger pate 


vinta Strode Sram another 1s Sanipoeed of tive gloninales sires the 

‘angle made by the line joining the two points, with a vertical plane passing: 

fone of them, ‘This angle is measured in a horizontal plane and is called the 
3 second, the angle made by the line joining the two points, with w hori- 

zontal plane passing through one of them. ‘This angle is meagured’in a vertical 

plane passing through both points, and for convenience will be called the gradient, 


(4, Azimuthe,—As on infinite number of verti! planes may pase through « 
given point, it is necessary to select one as the origin of azimuths. In to eal 
Feconmalsmance the plano selected is that of the magnetic meridian at the point, 
Ts direction in a horizontal plane ip the line of rest of w freely suspend bale 
‘anced magnetic needle, and this line is the origin of azimuth 

‘this origin azimuths aro measured in degrees of are from 0 to 360, passing 
eee Meee Sotct throog' Tse soot conte, 228 wet ws north agus, adtoaine 
of 0° fo 90° are in the northeast or first quadrant, fix. 1; those of 90° to 180° are in 
the ‘or second quadrant; those from 180° to 270° in the southwest or third 
quadrant, and those from 270° to 360° in the northwest or fourth quadrant. 

Azimuths are bearings between stations taken in the direction of progress of the 

Bearings taken in the other direction are called back azimuths, 
Tf the stations are numbered in the order they are occupied. a bearing from a lower 
tow higher numbered station is an azimuth, and a bearing from a higher to « lower 
‘numbered station is n back azimuth, 
‘The method of stating azimuths described above is that commonly used in 
direction is maintained by carrying an azimuth, It is the simplest 
and use, and permits the anglé between any two Tines to be read at 


last requirement ‘is of great importance 


to conditions or cir- 


‘is reckoned from the 
South, through W.. Nand B.. 200 to sonth nein, 
the corresponding survey azimuth by 180%, 
azimuths are reckoned from the mariner’s compass, and are 
gS. The dil is divided into 82 points and each point into quarter 
g, The baines ofthe points and ther relation to eurvey azimuths are shown 
reckon bearings in both directions trom N. and 8. ‘Their come 
Mare graduated 20° in cach direction from the N. and &, poiuts and a bearing 
py tying the angle and direction from N. or 8, whichever may ba nearest, 

46° W., 8. 29° H 


a 


so0gle 
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Formerly such bearings were reckoned from the nearest cardinal point, N., 8., B., 
‘or W,, as W. 44° N., which corresponds to N. 46° W. This method is very conven: 
fent for giving directions in orders and reports, It is shown in the middle circle of 
fig. 1. Bee par. 4a, p. 15. 


5. The compass is the standard instrument for the determination of azimuths 
fa topograptical reconnaioance. It consits of eax, neeile, cord, pet, and sop, 
fige. 2and3. 


‘The card may be fixed to the case or movable, attached to the needle and ro- 
volving with it. ‘The stop raises the needle from the pivot and clamps it against the 
glass cover. A good compass must have a needle sufficiently magnetized to settle 
Accurately and a pivot free from rust and roughness. If the needle becomes too 
‘weak, it may be remagnetized by rubbing geutly from pivot to point-on a permanent 
or electro magnet, each end of the needle to be rubbed on the pole which attracts 
it. Tn returning the needle for another stroke, carry it 8 foot or more from the 
magnet. The pivot may be polished with Puts pomsde or similar substances on & 
soft stick. 

It possible, however, turn in the defective compass and get a good one in place 
of it. 

‘A needle loves part of its magnetism if kept for a long time out of the plane of 

. In storing a compass, care should be taken to place it in 
‘with the N- end of Its needle pointing north. 


6. Dip.—The earth's magnetic poles are beneath the surface, and the end of a 
metrical needle is drawn downward out of the horizontal plano #0 as to point to 
earest pole, ‘This displacement from the horizontal plane is called dip, and is 

meamnred in degreesof arc. The dip increases generally with the latitude.” Immo- 
diately over a magnetic pole the needle stands vertical, or has a dip of 90°. Near 
the equator, where north and eouth poles exert an equal influence, the needle may 
be horizontal, or the dip 0. 


For reeding azimuths the needle must be kept in a horizontal plane, which is done 

by asmall movable counterweight. For considerable changes in latitude, asin pass- 

ing from the United States to the Philippine Ielands, the counterweight will require 

‘adjustment to keep the needle horizontal, and in passing from the northern to the 

southern heminprs, the counterweight must be ‘to the opposite alde of the 
vot. 


7, There are two forms of compass for topographical reconnaissance, 
one of the fixed and one of the movable card type. 

The box compass is shown in fig.2. The card is fxed and graduated counter- 
clockwise from N. 860° to N. again. ‘The E. and W. pointa, if marked, are reversed. 
‘The stop is operated by opening and closing the lid. The lid is hinged parallel to the 
north and south line, and when open its upper edge forms. convenient line of aight. 
Tho needle when stationary can be read to'the nearest degree by the eye, and to half 
8 degree with a reading glass. 

Another pattern which has been issued has the lid on an E. and W. side, and the 
sighting line is a fine line drawn across the lid. 

‘Some of the box compasses in use are graduated clockwise. Care must be taken 
in using these, ‘The true azimuth is 360° minus the reading of the needle. ‘The 
‘actual reading of such a compass should never be recorded; the corresponding asi- 
math only should be eet down, It will be safer to add a rough graduation in the 
proper direction. 


8, The ic compass is shown in fig. 8, It is of the movable-card type. 
It fie read through a reflecting inverting magnifying prism. ‘The prism revolves on 
‘an axis and is over the circumference of the card for reading, and against the edge of 
the case for carrying. It slides up and down in the support which attaches it to the 
ccaze, which motion permits it to be focussed on the scale, ‘The focus for each obser. 
‘ver should be determined when the compass fs resting on a level surface, and not 
thereafter varied. If, when s0 adjusted, the scale is out of focus when thé sight 
taken, it shows that the card is not horizontal, and the case must be tilted until th 
scale Gomes into focus, The needle may be compensated for dig by & WK ck wae, 
‘wax stuck on the underside of the card, The leat night tolda down tor carrying. 

in so doing stops the needle, 
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In the pattern illustrated, the metal cover goes on outside the leaf sight when 
folded down. When the compass is used, the cover is removed and placed for con- 
enlence on the bottom of the case, where it fits closely. In another pattern, the 
metal cover has a window in it opposite the prim, and is not removed when sighting. 
‘Tho leaf sight folds down outaide the cover and is not protected. See par. 8a, p. 1 


pass tic and true meridians genorally do not coincide. 
‘The angle which tho needle makes with the trae north at any place is called the 
declination of the needle, or magnetic declination at that place, For latitudes 
‘of 60° and less the declination ordinarily varies between limits of 20° east and 20° 
west. For high latitudes the declination is greater and more irregular. 

‘There are daily and secular variations of declination at every place, but they aro 
‘too small to have any bearing on the class of work now under consideration, and for 
purposes of topographical reconnaissance the declination at any place may be con- 
‘idered constant for the period of the survey. 

‘A close watch must be kept for the change in declination from place to place, and 
for local disturbances of the needle due to the proximity of magnetized substances, 
natural or artificial. 

Change of declination or normal direction of the needle should be checked fre- 
quently. If a change is observed, it is certain to have taken place gradually, and, 
if desired, may be distributed among the courses ran, though the change will seldom 
be great enough in « single day's work to make ite distribution practicable. 

Abnormal deflections of the needle, due to local disturbances, are sudden and 
erratic and should not be distributed among all the courses, but only among those in 
‘which there is reason to bellove the disturbance occurs, 

A simple way to detect—not measure—such disturbances Is to take frequent back 
azimuths. If the position of the needle is normal at both stations, the azimuth and 
back azimuth will differ by 180°. If there is local attraction on the course, it will 
‘usually be stronger or cause a greater deflection at one station than at the other, and. 
‘the azimuth and back azimuth will not differ by 180°. 

Another way is, when taking the bearing to actation, to select a well-defined point 
beyond and on the eame course. On arriving at the’ new station, take a bearing 
from there to the selected point abead. If it is the same as the firat bearing to that 

it, there probably is no local disturbance, If the two bearings to the same point 
lifer, there probably is local disturbance. 


A course in which local attraction is detected or su should be noted, and if, 
on closing, an azimuth correction {s necessary, it should be applied to the suspected 
courses. 

10, Gradients.—There can be but one horizontal plane through a given point, 
and it may be determined by the spirit level or plumb line without serious. error. 
Gradionts are measured by taking the angle of the line of direction with a horizontal 
Hine through the point, 


11. Gradients are commonly called grades or slopes and are expressed in degrees, as 
1°, 3, 84°, 634° slope, ete, ” 





1 


‘Each angle corresponds to two slopes, one up and one down from the initial point. 
Rising grades may be recorded with a + before, or an R after the number of degrees; 








talling grades with ~ before, or F after. On «map, general re indicated by 
‘an arrow pointing in the direction of the drainage, with the ‘written bealde 
it, thas —£° >, Road grades are indicated by an arrowhead at top and bot- 


tom of the grade, the one at top pointing toward the road and the one at bottom 
‘away from it, thus = : 

Gradients are also expressed by the relation between the change of elevation—rise 
or fall—and the corresponding horizontal distance. ‘This relation is stated in vari- 
ous ways, 

By the rise in ft. per 100 ft. hor. or the ft. rise as a percentage, as ‘the slope is 4 in 
100, or 4 per cent.” 
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the ft, rise for 1 mile of hor. distance; as ‘‘ the grade is 60 ft.” or ‘a 60 ft. 
‘This method and the preceding are commonly used for R. B. track grades. 
the number of ft. hor, corresponding to 1 ft. rise; as 8 to 1,10 to 1. This 
ods commonly used for slopes of embankments and excarstons when lem 
than 45°. 
By tho ft, rise corresponding to 1 ft, hor.; as, 10n1,60n1. This method is com- 
monly used for slopes of embenkmenta and excavations, etc.,from 45 to 76 degrece. 
By the number of inches hor. corresponding to 1 ft. rise; as, 8 ins. to the ft., 1 
inch in the ft, This method ia commonly used for gradients of 70 degrees and over, 
‘and is called batter.” 











ADDENDA, 1907. 


4a A method of azimuth measurement has been adopted for use in the fire 
control of field artillery. The unit, called a mil, is the arc whose length is one one- 
thousandth of the radius. By computation this arc is 3/.437+. ‘This length is not 
commensurate with the longth of the circle being contained in it 6,283.24 times. 
For convenience of graduation, the circle is divided into 6,400 equal parts, assumed 
‘to be mils, the ‘value of each of which is 3/.376, differing from the computed 
‘value by nearly 2%, which error enters into all determinations and is neglected. 
Each change of 1 mil in as. corresponds to a change in position in a direction per- 
pendicular to the line of sight of one one-thousandth of the range. This method 
Teduces all elements of fire control to fanctions of the range. 


8a, The prismatic compass, model 1906, is shown in fig. 67, 

‘the types described in par. 8 in having the protective cover and leaf sight combined 

‘as shown in the figure. The inner glass cover of the full nize of the case protects the 

card. The middle cover is hinged and the front sight is provided by a slit in the 

cover, in the middle of which is a thin metal strip. Holos and screws are provided 

fo pormit the convenient attachment of » wire or throed in case tho sighting etrp a 
roken. 


18a, The clinometer level, model 1906, fig. 67b, differs from the type shown in fig. 
4, in having a tangent screw, 4, a reading glass, B, and in having supporting 
Brackets in'the angio between to top of the aight tube and the graduated arc to 
Prevent the latter from being bent. 


Ma, The gravity clinometer adopted in 1906 is shown in fig. 67d. It consista 
of a circular case in which isa greduated circle controlled bys pendulum. The line 
of sight is through the peep Z and a glaze-covered opening at M. The sero line is 
engraved on the glass. A mirror near the center reflects the scalo back to the peep. 
‘Looking through the instrament the object is seen on the zero line, and at one end 
of the latter a graduation of the scale is visible. ‘The graduations are from zero at 
‘the horizontal each way to 45°, the graduations and numbers for elevation being in 
red and those for depression in'black. 


A bar at H unlocks the spring-controlied stop, which, when pressed, frees 
the pendulum and graduated circle, and when released stops them again. 

‘To use, move the locking bar F to free the stop H; hold the instrament in the left 
hand with the forefinger on the stop; depress stop; bring line of aight on object and 
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‘Tam I. 





12. Comparison of the different methods of expressing gradients: 


In this table tho different methods of expressing gradients have their valuos given 
for the usual range and to the customary degree of accuracy of their use. 












Ft. perlooft.| Ft. to the | 1 vertical on | 1 horizontal | Batter ins, 
Angle. | hor., org. | mile, hor. or in— ‘to— | tothe foot. 
Degrees. Horizontal, | Vertical. 
0.4 3 229 
“81 46.1 15 
4 131 68.1 cy 
x Lm 92.2 a 
X 218 16.1 a |. 
1 2.62 138.3 ss 
WZ 8.08 161.2 I: 
x 3.49 184.4 | 
Bs 4.31 230.5 eB 
8 5.4 276.7 wf 
3% 612 322.9 w OE 
4 6.99 369.2 uO 
% T8T 415.5 Bf 
5 8.75 461.9 ma [C 
6 10.51 556 5 | 
1 12.8 |. : 
8 wos | I 
9 ise [C : 
10 11.63 | - 
15 
20 
5 
30 
0 
5 
50 
60 
65 
0 
% 
80 
Bt 
82 
83 
8 
Sy | 
853 
se? 
365 | 
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15. Elevations,—From the slope sud distance the elevation of « point above an 
‘assumed plave of reference may be derived. ‘The difference of height of any two 
Paints is known by cot g thelr elevations above s common plane, called the 
plane of , or datum, 
¢ of reference is taken low enough 90 that no point of the ares to be 
covered by the reconnaissance will be below it. This makes all elevations positive. 
Knowing the height of # point above this plane of reference, the elevation of any 
other point may be obtained by taking the gradient and distance to that point, deriv- 
ing trom them the difference of height between the two points, and this dit. 
ference to the elevation of the first point if the gradient is rising, or subtracting it 
if the gredient is falling. 

‘The elevation for a given gredient and distance depends upon whether the distance 
4s measured along the gradient or along the horizontal. Distances paced are along tho 
‘gradient. ‘Those measured with in will also usually be on the slope, though 
sometimes care is taken to hold the chain horizontal, in which case the fable for 
‘horizontal distances is to be used. ‘Those determined by intersections or scaled from 
@ mop are along the horizontal. 

‘Tho differences of elevation co ing to various gradients and any distances 
may be taken from the following tabl 














‘Taste I. 
16. Differences of elevation for gradients of 0° to 80°, and horizontal distances. 





Difference of elevation for horizontal distances of — 








i 
i 
i 
i 
i 
Hy 
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4 
: 
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‘The dif of elevation for any gradient and any hor, distance may be obtained >; 
multiplying the dist, by the tang. of the angle or gradient, Table XIV, 7 
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17. Differences of elevation for gradients of 0° to 80°, and distances measured 
on the slope. 





Difference of elevation for sloping distances of— 











Graient in 
* wta}s | 4 nm | sa oo 
% | ooos7 | oo174 | 00262 | oos49 | oo4ss | 00528 | 00611 | 00698 | 00785 
17 | oor7s | 00340 | 00523 | 00698 | 00873 } o1s7 | 01222 | 01396 | 01671 
13 | 00282 | 00623 | 00785 | o1047 | o1309 | o1671 | 01832 | 02004 | 02356 
2” | 00849 | 0698 | o1047 | 01396 | 01746 | 02004 | 02448 | 02702 | 08141 
234 | 00436 | oog72 | 01308 | 01745 | 02181 | 02617 | 08058 | 08489 | 03926 
3” | 00523 | o1047 | 01870 | 02083 | 02617 | a3140 | 0366s | o4te7 | o4710 
4 | co6e7 | 01395 | 02093 | o2790 | 03488 | o4185 | 04883 | 05590 | 06278 
5 | oog71 | o1743 | 02616 | assa6 | 04358 | osz20 | 6101 | 06972 | o7844 
8 | o1045 | o2080 | 03136 | o4181 | 05226 | 06272 | 07317 | 08362 | oa4o7 
7 | o1zi9 | 02437 | 03656 | 04875 | 06093 | 07312 | 08531 | 09749 | 10968 
8 | o1g92 | 02783 | 04175 | 06567 | 06950 | 08350 | oo742 | 11134 | 12525 
9 | 01564 | 03129 | os608 | 06257 | 07822 | 09386 | 10060 | 12616 | 14079 
10 _| 01736 | 03473 | 05200 | 06046 | og6s2 | 10419 | 12155 | 13892 | 15628 
12 | 02079 | osiss | 06237 | 08316 | 10395 | 12476 | 14554 | 16633 | 18712 
14 | 02419 | 04838 | 07258 | 09677 | 12006 | 14516 | 16034 | 19354 | 2173 
16 | 027656 | 05513 | osz60 | 11025 | 13782 | 16538 | 19204 | 22061 | 24807 
18 | 03090 | o61g0 | oez70 | 12361 | 15451 | 18541 | 21631 | 24721 | 27811 
20 | 03420 | o6sdo | 10261 | 13681 | 17101 | 20521 | 23041 | 27362 | 90782 
22 | 08746 | o74oe | 11938 | 14984 | 18730 | 20476 | 26222 | 20068 | s3714 
24 | o4067 | 08135 | 12202 | 16260 | 20837 | 24404 | 28471 | 32599 | 36608 


28 | 0434 | 08767 | 13161 | 17536 | 21918 | 26302 | 30686 | 35070 | 30458 
28 | 04695 | o9sgo | 14084 | 18779 | 23473 | 28168 | 3286s | 37558 | 42252 
30 | 05000 | 10000 | 15000 | 20000 | 25000 | 30000 | 35000 | 40000 | 45000 



































‘The diff. of elevation for any sloping distance and any angle or gradient may be 
found by multiplying the dist. by the sine of the angle, Table XIV. 

Explanation of use of Tables 11 aud III: 

Rule.—From the line of the given gradient, take out the tabular numbers corre- 
sponding to each of the Sgures of the given distance, beginning at the right, and set 
thom down; each one place to the left of the one above it. Retain the ciphers at 
the beginning of the last tabular number taken out, if any. Other left-hand ciphers 
may be dropped. 

‘Add the tabular numbers, and point off trom the left tho number of places equal 
to that of the left-hand figure of the distance, counting any left-hand ciphers. ‘The 
result is the difference of elevation, in the same unit as the distance, 

Examples.—For the diff, of elevation corresponding to a gradient of 3° and a 
distance of 6,278 ft., on the slope— 








From Table 111— 
¥or 3 opp. 3° and under 3, 1570 
For 7 opp. 8° and under 7, 3663 
For 2 opp. 5° and under 2, 1047 


‘For 6 opp. 8° and under 6, 03140 _—_retain leading cipher. 





An6 is in 4th place, point off 4, 0328, 2900 
Dif. of elevation = 928.29 ft. 
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2d, What dif of elevation for gradiont of 6°, and horizontal distance of 7,180.56 yds.? 
From Table 1I— : 


Opp. 6° and under 6, 5250 
Opp. 5° and under 5, 4875 
Opp. 5° and under 8, 7000 
6° and under 1, 875 
Opp. 6° and under 7, 06125 retain leading cipher. 





isin Ath place, point off 4, 0628. 299000 
Difl. of elevation = 628.299 yds. 


18, Barometric leveling.—The weight of the atmosphere at sea level is 14.703 
Ibs. per sq. in,, equal to tho weight of a column of mercury 29.92 in. high, or a 
column of fresh water 34.7 ft. high. 

‘The anerold barometer records the pressure of the atmosphere in inches, the 
same asa mercurial barometer, the reading being taken from a polnter moving on 
‘cirenlar scale, It must be carefully handied as it is sensitive to shocks. A screw 
head will be seen through hole in the back of the outer case by which the needle 
may be brought to any desired reading, and the instrument corrected whenever it 

in be compared with a standard. With the aneroid, corrections for instrumental 
‘temperature can not be made, and for this reason small pocket instruments are 
preferable, as carried in the pocket they are not exposed to #0 great changes in this 
Fespect. 

‘The pressure of the atmosphere varies with the altitude above sea lovel, and 
{it aleo varies with the moisture, temperature, and latitude, which do not depend 
upon the altitude, 

In measuring altitudes with the barometer these other causes of variation must 
be eliminated 20 far as possible. It is best done by simultaneous observation at both 
stations. If the stations are not far apart all disturbing conditions will be substan- 
tially the same at each and therefore eliminated, except temperature, which, with 

iderable difference of altitude, will always be loss at the upper than at thelower 
station, 

If simullaneous observations can not be made, the stations should be oocupled with 
‘as lite interval of time between aa possible, and better results will be obtained if the 
time of observation ean be #0 chosen as to take advantage of calm, bright, dry 
weather. 

‘When the jetric conditions are very uniform an aneroid read at intervals 
ons day's march over a rough country will give 8 fafrly good idea of the profile, 
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19, Table of elevations above sea level from barometer readings (United States 
east and Geodetic Survey), for mean hygrometrc conditions and mean temperature 
of 60° F.: 















Barom-| Altitude Barom- 
eter | above |MIRif0F|| eter Die fer 
reading.| sea level.| °°!” reading. se 
Inches, | Feet. Inches. Feet. 
18.0) 13,918 22.2 =10.3 
<1] 18,767 8 10.3 
2] 13,617 4 10.2 
13] 13,408 26 10.2 
4] 13,319 16 10,1 
5| 13,172 i 10.1 
16 | 13h025 8 10,1 
i1| whsr9 ‘9 10.0 
is | 12\738 23.0 10.0 
to] 12,589 a 10.0 
aio | 12,445 2] 7 9.9 
ci] 12}302 i3| 6, 9.9 
ta] 12}160 4] 6770 2272/99 
ia| igo1s io] 6,658 2173} 99 
‘4 | njst7 6] 6,538 205 | 9.8 
18] ay737 tr] 6,423 ig) 9.8 
te] 1,698 ta] 6,308 1.880} 8.7 
i] 1,459 to] 6,194 Liss} 9.7 
is} mae 240] 6,080 Yess} 9.7 
to] aise [1] 8,967 1589/97 
20:0 | 11, 047 ia] 5.864 V493| 9.6 
ii] 10,911 is} sya get} 9.8 
t2| 10,776 4] Bleao 1302 | 9.6 
{3} 10; e42 ib] 8618 207} 9.5 
14| 10,508] 13.3 te] 5.407 Lig} 95 
16 | 10,375] 13.3 i1| 6296 Yo} 94 
{6} 10,212] 18:2 is] Buse szi) 9.4 
t1| a0] 13.1 ia] 5,077 830] 94 
ts] sioro| 131) 25:0) 4968 736) 9.8 
To] 9,848] 18:0 s1) 4858 es} 9.8 
azo] sms] 129 2 550 2 
1| 9689] 12, 3 458 a 
2| 9460] 128 4] 4,035 366 2 
3| 9392] 128 16] 4,498 214 2 

ta] 904] 2:7 te] 4jg21 182 1 
‘5| sort] 126 it] aizus aL 1 
‘6) s951| 126 18] 4109 0 1 
11] 81895] 1215 ta] 4004 —9 20 
18] si700! 12.6]! 260] 3,890 =181 0 
to] ajs75| 124 ia] airas = 0 
eao| a4] 12.4 12] s\690 361 0 
v1] 8)337| 12:3 is] 3 451 9 
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20. Coefficients for temperature correction.—Argument (t+!) = Sum of 
temperatures at the two stations: 





t+t. | Coetticient C.|} t+0, | Cooficient 0. |} +1’. | Coofficient 0. 

















° ° ° 
° 0 120 
10 0 130 
20 0 140 
30 20 150 
0 100 160 
60 10 170 
120 180 

‘Examples: 

Barome- | Temper- 

Station. ter. | ature, 

oF, 

59.9 

42.1 








‘From table of elevations__...... Sacramento = —12.7 
Summit = 6,901.0 


Dif, = 6,918.7 





4 = 1029 
+O = +0,0010 
, Temperature correction, 6,913.7 x 0.007 = +48.4 


H = 6,962.1 feet. 











Barome- | Temper- 





Station, ter. | ature, 
Inches, | OF, 
28.075 | 67.3 
22.478 | 38.6 








Din. 





i Temperature correction, 6,060 x 0.0004 = +24 
H = 6,002.4 feet, 
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21, Use of compasses.—A good needle requires time to settle even when the 
case is firmly supported, and the user should cultivate the knack of catching it at 
‘the middle of its swing, which is the desired reading, If the compass can be sup- 
ported, it is always better todo so. Then the sight can be carefully taken and the 
tion of the eye cl to read the needle. Wait till the swing geta down to 
© or 5°, which it will usually do in a few seconds. Then catch the highest and 
tho lowest readings on the same ‘and take their mean for the true reading. 
If the first swings are vory large, catch the needlo with the stop near the middle of 
the swing and releaso it quickly. " This will suddenly check the swings and shorten 
the time in which the reading can be taken. 

Jn using the box compass without a support, hold it suficientiy below the eye so 
that the swing of the needle can be seen. Point the edge of the lid in the required 
direction, catch the needle with the stop in the middle of a swing and hold it stopped 
until the reading is taken. Stop readings are lees accurate than sight readings, as 
the needle may be displaced slightly when off the pivot. When the stop is used press 
t gulekly and Armiy. | Always sight a Azed-card compass from the south end of the 
card and read the north end of the ne 

‘With the prismatic compass the stop is not used except to check the swings. 
Utilizes support it practicable. ‘The prism having been adjusted for focus, as 

plained, par. 8, adjust the caso so as to bring the scale into focus, and 
‘swings become small, read the extremes and take the mean. 
for night marching are on the market, but are not very reliable. They 
have the dial rendered Juminous by a paint. After exposure to the sun or strong 
daylight, they give off light, at first rather strong, but rapidly diminishing in inten- 
sity. After a few hours they are not bright enough to be of much use. 

‘Tho surest proparation for night marching is a provision for illuminating the 

compass by ordinary means without allowing the light to be seen. 


22, To determine the declination of the compass: 

Ist method ; from the sun.—Prick & small hole in a piece of tin or opaque paper and 
fix securely over the south edge of a table or other surface perfectly level, 0 that the 
sunlight coming through the Hole will fallon a convenient place on the surface, fig 9, 
‘Tho hole may be 2 ft. shove the table for long days and 18 ins. for short ones.” Half 
an hour before to half an hour after noon, mark the position of the spot of sunlight 
on the horizontal surface at equal time intervals of about 10 min. Draw a curve as 
bd, fig. 9, through the points marked, and from point c in the horizontal surface and 
ina vertical line with the bole a sweep an arc ¢f intersecting bd in two points, ‘The 
line og, drawn from c through a point on the arc midway between the intersections, 
{athe frue meridian. ‘The line bd illustrates the method merely. Tts form varies 
‘with the sun’s declination, 

‘fd method; from the evn or a slar.—Obsorve the magnetic bearing of the sun, a 

net ora bright star at rising and eeting on the etme day, or af setting on o 
Gay and at rising on the next, the difference between the sum of the rising 
‘and setting azimuths and 360°. One-half of this difference is the declination of the 
‘compass or variation of the needle, east if the sum of the azimuths is less than 360°; 
set if itis greater. im using this method, the observations are better taken 
when the object is fust above the true horizon, or at a gradient of zero. ‘This can 
‘usually be done if a high point is choson for the observations. if It can not be 
done, be careful to take both observations with the object at the same gradient, 
This is most important with the sun. Under the least favorable conditions, 
an inequality of 1° in the gradients at the times of observation on the sun way intro 
duco an error of 34° in the result. If using a star, choose one which rises nearly 
east trom the point of observation, and the inequality of a degree in gradients willl 
not be material. 

‘Tho change in declination of the sun between observations can not affect the result 
more than 34°. 

Both observations need not be made at the same point, but 
than 10 miles apart in east and west, or north and south direction 

‘The two foregoing methods are applicable in the northern or southern hemisphere. 

‘Sd method; from Polaris,—The true north pole is about 1° 12’ distant from Polaris 
on a line joining that star with ono in the handle of the dipper, and another in Cas- 

























































jould not be more 
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's Chair, fig. 10. One of these stars can be seen whenever Polaris is visible. 

‘The polar distance of Polaris is decreasing at the rate of 19” a year. It also varies 

during the year by as much as 1”, ‘The fatter variation may be neglected, and the 
former alto for 8 series of years. 

clinging Polaris tobe the canter of clock dal with the ine joining 12nd @0'losk 

‘and with the position of one of the lines described considered as the boar 

hand of the clock. The distance in azimuth of Polaris from the true north may be 
taken from the following table: 


TABLE VI. 


23, Table showing the azimuths of Polaris in diferent postions with respect 
tothe pole. Epoch 1911; polar distance 70’. Latitude 0° to 18° north. ‘This table 























may be used until 1930, 
Clock reading of—| zi. |] Clock reading of — Clock reading of— 
muth Azimuth) at 
z pat z of z of 
s Potarl| 8 Polaris. | 8 
Ursae Urie Urese | Polaris, 
cass, | Gye | in. |) case, | Sines cass, | Gree 
xu30| vrso] 18 |jmmrs0] x:30] ef vir | a | a88 50 
1 lym | a vo | xr 35 |) 1x | ar | 358 50 
130 | virso| 49) v:30| Xxi:30 ys] xX jan | 358 59 
ur jvm | et! vis0| x11:30| s59 42 || X:30 | 111-30 | 359 11 
am | ix | mo] vir 1 | 360 95 |) xr ¥ | 350 25 
mi | x | a|| virso| 190] 369 11 |) x1:s0] v:s0 | 360 48 





toot hlebor latitudes add to the amall azimuths or subtract from the lange ones, as 
ws: 
Lat. 19°30, zy. Lat. 51°39, 4. 


Lat. 31°37, Lat. 66°51, 
Lat. 380420, Lat. 58°59, 
Tat. 43°46, Lat. 60°61, 
Tat, 47°—60°, fy. 


It is well to keep track of the poaition of Polaris by noting it frequently and taking 
the corresponding clock time. ‘Then if on a cloudy night a glimpse of Polaris is had, 
‘the observation may be taken even though the other stars can not be seen. 


2%, For practical details of the observation, the following may servo as « 
guide: Belect clear space of level ground not too near buildings or any object 
‘which might cause local disturbance of the needle. Drive a picket, leaving its top 
smooth and level, about 18 ins. above the ground. ‘Bix feet north of the picket sue- 
pend s plumb line from a point high enough so that Polaris, seen from the top of 
the picket, will be near the top of the line, fig. 11. ‘The line should be hard and 
‘smoot, about yy in. diam. The weight at the bottom of the line should hang in a 
‘veosel ot water or in a hole dug in the ground to lessen its vibration. Drive a sec- 
ond picket in range with the first one and the plumb line, a short distance north of 
the latter. Make a peep sight by punching a hole about vy in. diam. in a plece of 
paper and hold it on the top of the first picket; adjust it so that the star Is bebind 
the plumb line when looking through the peep. Note the position of one of the 
stars on the imaginary clock face at the moment the observation is taken. Mark 
the position of the peep on the top of the first picket, and lay a straightedge or 
stretch a line from that point touching the plumb line to the second picket. Place 
the north-and-south edge of the compass Lox against the line or straightedge, and 
eed the needle. Find the azimuth of the star at the time of observation trom 
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If of Polaris ‘VI) and the reading of the needle are both less 
echoth greater tat 1th . is the declination; east if the needle read- 
ing’ 1, west if it. . If one of these quantities is less and the other 
greater than 180°, add take rhich is the declination; 
ast if nfter the addition is made the needle reading is less, it 

than the tabulated az. 


‘This method will givo results true to within 34°, 


Distances passed over are ordinarily measured by the stride of a man or a horse, 
Bete sevticlites of wwhecl: Dintiaces net jawed oved are determined hy 
intersection, or are estimated. 
on foot.— The length of « man's pace at a natural walk is about 90 ing, 
‘above and below. Tach sketcher must determine his own len 
pene several times over a known distance. An unnatural stride 


careful pacing will give distances correct to 9¢ or 
‘Pace decreases on slopes. ‘The decrease varies with the sl 
direction, whether ascending or descending. The following table gives 
‘slopes of 6° to 30°, corresponding to a normal pace on a level 














For the , the Iength of step usually decreases with fatigue, Sketchers 
Shake pace wey fots ond’ vce i i 


test ired, and if there is an appreciabl 
‘se one length for the morning and the’ other length for the afternoon 


of pace has 
sn-w consid~ 


ADDENDA, 1907. 
“A pace tally fs issued for uso when desired, It is the size and shape of an 


wt convenient timer for mounted pacing ia the type known aa the 
BpiehsT dt pas a sey nn nract-errangetocut lotopondeat of the fy back 
‘8 cumulative record of the times in motion, 


Google 





27. Reduction to horizontal of distances paced on different slopes, ascending and descending: 


Equivalent number of paces on horizontal, for slopes of — 
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‘Tame VIII. 


Won@onaverancovane 











15° 











se 











Number of paces measured 
‘on the slope. | 
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- the horizontal ts of the distances usually 
grec poe Pr dnsivad, her’ intabon may We ebtalued yamaha 
From 1 to 9, take the first figure, left-hand cipher included, of 100 to 900 for 
Mass teateeedtavmcsad trusts neat bcd 
From ‘tuke the first two figures, left-hand ciphers included, 900 
fon Ga whole niisbat ant ths tsa Agure fos tnt ono w 

For 290 take 100 + 190; for 440 take 140 + 800, etc. 
‘Example: For the horizontal equivalent of 738 paces on a 5° rising slope, 
Tag 100 + 90 + 8 = 6928 + 7147.2 = OO. 


Pacing <The average realk of « horse is a mile in 16 mins, or 
® mar g 120 stops, covering 110 yds. por min., the step being 0.916 


trot is.» mile in 8 mins., miles an hour, making 180 steps, coy- 
Pormin., tho length of ep being 122 yan oF tings en oY 


doubled for use with 
inting the steps of a horse diverts the attention more than is desi 


better to determine distances i ited reconnaissance from the ti 
Thorae io puesing over them. Tho rating Is done by aacerlainiug the 


work, the averages given 
serious error, See par. 284, p. 27. bi 
‘botter in pairs, and two men should be sent out together, ao 
an the oh thee ta ive notre attention "a ng the Heard heap: 
nN it. It is better to rate the pairs together. If it has not 
go tho vate of fi titer’ horse = 


‘is traveling with a and must keep their occasional 
4 minute or two wil give moped eae. 


Rorse's steps for a minute or two will give & for use in 


of ® horse over road grades, oven in moderately hilly countries, is 
‘the slope sufficiently to make an allowance necessary. Distances up 
measured by timing in mounted reconnaissance will ire no 
that to the horizontal, Table XIT, which may be applied if the 
This statement does not apply to distances measured by 

tthe steps of a horse. 


is the normal gait for reconnaissance,—If greater speed is 

timer mey go on while the sketcher is taking angles and plotting; 

‘trot or the gallop and overtaking the timer just Uefore he 

tion. This method should be used only when the required ais- 
covered at a walk. 

Feqitire short distances to be covered at a trot oF gallop, the timer 

towalking time by multiplying by 2 for the trot and’ 9 for the 


isan instrument for recording the number of revolutions of a 
forme In ater case 4¥g is. tn ameter ‘by 234 ins 
‘and 8. It i attached by straps to the frout wheel of wagon, tig. 6. 
J ense is opened, the egitoring tran, fig. 7) withdrawn, and, the 
ons read from the scale. Multiply'the diameter of the wheel by 
iroumference; multiply the circumference by th number of Tove 
distance travelod hy the wagon. 

‘of the odometer must be kept {reo from grit and may be offed with 
KUMUY oils or grease must not be used. IF good oil is not te 

ings with a soft lead pencil, 


Google 





80 ENGINEER FIELD MANUAL, 


Odometer readings are valuable as a rough check on a day's march. They are not 
accurate, but are free trom large errors. Snstraments on the same wagon will 
not always agree. On heavy roads, mud or sand, there is a slip, sometimes positive 
‘and sometimes negative 


‘Tax IX. 


22; Number of revolutions per mile, of odometers attached to whesle 30 ins 
to 46 ins, diam.: 








Bee 





Hid 





Sizes of wheels of some military wagons: Ambalance, 3634 ins.; ponton (Iight) 


tool and chess, 4294 ins.; escort, 


83, Estimation of distances is s knack which may be cultivated by practice to 
‘a degree of accuracy far beyond that which is at first attainable, and quite sufficient 
for the location of many objects off the traverse line. Short distances are more closely 
eatimated than longer ones; those on a level, than those up or down hill. When 
the intermediate ground can be seen, the estimation will be closer than when it can 
not. 


A rough estimate of distance may be made from the velocity of sound, as by know- 
ing the time that elapses between seeing and hearing the discharge of a gun, or the 
fall of an ax. Note the time in seconds and multiply by 400 for the distance in yds. 

Distances across water are usually underestimated. ‘The distance of the visible 
horizon on water in miles is 1.285 YH; H being the height of the observer above the 
‘water surface in feet. 

A cartridge or other small heavy object fastened to e string 10 fns. long and al- 
lowed to swing through a small angle or arc will beat half seconds approximately. 


24. The location of a point by Intersection is done by taking asimatba to it 
from two known points, Aseach of these azimuths when plotted must pass through 
the unknown point, it must be at their intersection. 


An observer at an unknown point may locate himself from two visible known 
points by taking an azimuth to esch. From the known pointe plot the correspond- 
ing back azimuths and they will intersect at the point of observation. ‘This process 
incalled resection. It is subject to errors of local attraction. (Par. 9.) 


‘The accuracy of a location by intersection is affected by the relation of the azimaths 
and of the distances. The greatest accuracy results when the azimuths differ by 90° 
or 270° and the distances are equal; in which case the two azimuths and the base 
form sright-angled triangle. A difference of azimuths of lees than 80° or more than 
890° should be avoided. 


Errors in length of the base, or distance between the known points, affect the 
distances in the same proportion, If the base is 5 or 10% in error, both the dis- 
‘tances will be in error in the same direction by the samo percentag 

Distances are most easily determined from intersections by plotting the points and 
scaling. ‘The distances are horizontal. If gradients are taken at the same points as 
the azimuths or at one of them, the elevation of the unknown point may be deter- 
mined after the distance has been scaled. 














‘Metallic tapes are of linen with wires woven in longitudinally. They aro grad- 
‘usted in the same way as tape-chains, and also in feet, inches, and elghths. Metallic 
tapes are used for the exact measurement of short distances, as dimensions of build- 
ings, of bridges, etc. They stretch alightly, bat not enough to introduce 
app ‘error. 

In using tapes note carefully whether the small divisions aro inches or tenths 
of fect. Seo that the first graduation is the proper distance from the end, and 
if the tapo has been spliced note whether the graduations on either side of the splice 
are the right distance apart, 

Rules are used for measuring short distances and dimensions and are usually 
graduated in foot, inches, and sixteenths, fig. 45. 

Bales approximately correct may be improvised {n soveral ways. It a rule or rod 
{Gedusted to fect bo grasped in both ands palms down, with the outalde edges of 

hands at consecutive foot marks and the thumbs extended toward each other 

along the rule, the tips of tho thumbs will meet or pass, and by carefully noting 

their relative positions a foot may be approximately reproduced at any time by 

ing a stick in the ‘placing the thumbe in the proper position, and mark- 

1¢ outaide of the hands. " A length may be measured in feet by passing along it 

Intad over hand, placing frst the edges of the hands together and then che hambe 
8 described. 








military jer should know the length of his shoe, his exact height, 

‘and the length of his forefinger. A copper cent is % in. in diameter. 
It is iy le to adopt and adhere to one system of graduation. 
‘The is, moet ‘comventent for computation. For field measurements 








an observer will make fower mistakes with the system he is familiar with and should 
‘be allowed to use it. 


‘The following table will convert units of one system into those of the other: 
Tapur X. 
36. Table for conversion of inches and sixteenths into decimals of a foot 


and the reverse, ‘Tho quantities in the table are thousandths of a foot, ‘The deci- 
mal point is omitted, . 





7 
Ins.| O | Ye] | ae] 2) el a 





H ala a)e 





alala 








‘000 | 005 |o10| o18 | 021 003 |073| 078 
(083 | 089 | 094 ) 099 | 104 
yer | 172 |17 | 182/188 
250 | 286 | 260| 265) 271 
333 | 830 | 944) 949 | a4. 

438 
500 | 505 |510| 516 | 521 
588 | 589 | 694 599| 604 
687 | 672 | 677 | 682| 688 





115 | 120 125 | 130 | 136 [141 |146| 161 | 196 | 162 
198 | 203 | 208 | 214 | 219 | 224 299 | 234 |v40 | 245 
281 | 286 | 202 | 207 |902|307| 213] 318 
865 | 370| 375 | 380] B85 | 991 | 396 | 401 
4443 | 463 | 458 | 464 469] 474470 | a8 
631 | 636 | 642 | 547 | 552] 557 | 562 668 
615 | 620| 625 | 630] 635 641 | 646| €51 
698 | 708 |708 | 714) 719] 724 | 729 | 734 
i | r31 | 787 /792| 797 | 802 | 807 | 813 818 
833 | 830 | 844| 849 | 854 | 859] 805 | 870 875 | 880 | 885 | sot | 96 | 901 

948 | 948 | 958 | 958 | 964 | 969] 974 | 979 | 984 | 000, 


| 
| 
} 
ee ‘057 | 002 
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Tamux XI. 
16ths of an toch ta decimals of an inch: 








afalala|a * alalajalala ala 
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38, Reduction to the kortzontal.—Distances measured along 8 slope m 
guire correction before plotting them on « map, as all map distances are, 
supposed to be; mearured in a horizontal plane, Gach corrections, when ms 

‘to the horizontal. ‘The following table gives horisont 
tances corresponding to sloping distances for gradients up to 30°. This tabl. 
bbe used in the same way as Tables II and III. The correction for slopes of 6 
ese is too small to be plotted on the customary scales and is usually neglects: 
flat or ordinary rolling country, the correction will rarely be necessary. 


‘Taste XI. 


Horizontal distances for gradients of 0° to 30° corresponding to dis 
‘on the slope: 











i Horizontal distances for sloping distances of— 
i 2| t 2, 3. 4. 8 6 nw] os 





1 
2 

8 

4 

5 

6 

: 

9 | ovg77 | 19764) 20681 | 39507 | 49384 | 59261 | eo13e | 79015 
10| 00848 | 19696 | 29544} 30392 | 49240 | 59088 | 68936 | 78785 
12| oo7s1 | 19583 | 29344} 30126 | 48907 | sees9 | 68470 | 73252 
14| oo703 | 19408 | 20108 | sgeiz | 49515 | secis | e7o2i | 77624 
16| seis | 19295 | 28888 | se450 | 49063 | 57676 | 67288 | 76901 
38] 09510 | 19091 | 23682 | sa042 | 47653 | 57003 | 66574 | 76084 
20 | oo397 | 1s7o4| 28101 | 37588} 46985 | 56381 | 6578 | 75175 
92] over | 18644 | 27816 | s7os7 | 46359 | 55631 | 6490s | 74175 
24] 00185 | 1se7l | 27406 | 36542 | 45677 | 54813 | 63948 | 73084 
25 | ooves | 18126 | g7ieo | So2sz | 45915 | 54978 | 63441 | 72505 
26 | ogoss | 17076 | 2e9e4 | 30952 | 44040 | 53928 | 62915 | 71903 
at | goto | 17820 | 26730 | 35640 | 44560 | 53460 | 62370 | 71280 
23 | oaazo | 17650 | 26488 | s6sig | 44147 | 52977 | 61806 | 70638 
39] ovzas | 17492 | 26288 | 34985 | 48731 | 52477 | 61223 | 69969 
80 | oseso | 17320 | 25981 | s4e41 | 43301 | 51961 | eo6z2 | 69282 



































‘Tho hor. dist, corresponding to any sloping dist., and any angle or gradien! 
be found by multiplying the sloping dlatance by the cosine of the angle, Table 


40, The protractor is an angular scale of oqual parts used for plotting azin 
‘That or recounelumase is tee rooanguige fora Age. 1S an 1S 


‘RECONNAIBEANCE. 3 


weraduated which will be called the A . 12, trom O° to 180°, and 
or or B tach frum 160" 10 SH The geidaidion is cloctwise on 


8 
& 
i 
4 
5 
2 
a 


Doth faces. It has a ecale of inches and tenths along one edge. The protractor may 
be used as ruler, scale, triangle, and parallel ruler. 

a azimuth from a given it, draw a meridian 

If azimuth is less than 


& 


5 
so 
fh 


10; lay the protractor down A face up with 
a 






H 


i 


yuth is more than 190°, lay the protractor down B face up, 360° to the 
\d proceed as before. The moving of the protractor after sotting off the 
before drawing the line may be avoided by adding a counter-clockwise 
n to the protractor. ‘The sum of the two graduations at any point will be 
, ‘center of the protractor and tho given azimuth, read on the 
counter-clockwise graduation, on 6 meridian, and slide the protractor up or down, 
the two points on the meridian until one of the long edges passes through 
‘the given point, when the azimuth may be drawn along that edge. 
‘A comicircular protractor is shown in fig. 14. It is usually double graduated, in 
opposite directions from 0° to 180°. With this form an azimuth may be laid off and 
line drawn along the diameter without moving the protractor. Lay the pro- 
tractor down with the center on a meridian. If the azimuth is less than 180°, 
its number of on the counter-clockwise scale on the meridian north’of the 
center, fig. 15. If it is greater than 180°, subtract its number of degrees from 360 
‘and place the difference on the clockwise scale over the N. end of the meridian, 
fig. 16, In either caso alide the protractor up or down, keeping the center and the 
graduation on the meridian until the diam. passes through the point, when the 
Sxmmay be drawn along the diameter of the protractor. Wig. 17 shows a tangle 
‘gredusted for use as 8 protractor. 


41, Improvised protractors.—If a rule is ot hand, a protractor may be made 
as described for slope board in par. 14 by extending tho 1° graduations around a half 
or whole circle, Hf without compasses, moasure off the radius on a plece of 
peper, stick a pin through one extremity for a center and a fine pencil point through 
the other extremity and sweep the circle. 


Hf without a rule, fold » pleco of paper carefully through the middle. |The 
folded edge should be straight. Place the ends of the folded edge together and fold 
‘again, The two edges now make an angle of 90°, Fold again through the middle 
and the angle will be 45°. Now fold in three parts and the angle is 15°. Spread 
the paper out flat and the creases will represent radii of 15° intervals. These may 
be divided into three equal parts by the eye, aud the protractor will then read to 6°. 


‘The hour graduations of a watch are 30° apart, and the minutes 6°. 


42. The scale of = map is tho ratio betwoon dimensions on the map and the 
‘corresponding dimensions on the ground. If the lengths on map and ground were 
‘expressed in the same unit, the scale ratio would always be expressed by the number 
af ground units corresponding to the map unit. If 1 in. (map) corresponds to 
‘120,000 ins. (ground), the ratio, or scale, is plainly 1- 120,000, or as usually de- 
scribed, 1 to 120,000.’ This fraction is called the representative fraction, and 

ted B.F. But ground distanc re 80 much greater map distances that 
they are ordinarily expressed in a larger unit, which makes the scale ratio less 

nt. If 1 in. (map) equals 10,000 ft. (ground), the scale is still 1 to 120,000 
‘because 10,000 ft, equal 120,000 ins. The map unit is almost always inches. 
‘Hence, a good rule for obtaining the scale ratio is to reduce the given number of 
ground units to inches, which will indicate the ratio. 

Another method of stating scales, much employed in military map making, is to 
take ratios which will give $4, 1, 23, 6, 12, oF 15 ins, on the map to 1 mile on the 
grovnd, and call the scales44, 1, 2, 3, 6, 12, or 15 ins, to the - Such scales can 
be put into terms which express the ratio by dividing 63,360, the number of ins. in 
Imlle, by the number of ins. given in the scale. Thus, 1 in, tol mile equals 1 + 
€8,360; 2 ins, to 1 mile equals 1 + $1,680; 3 ins. to 1 mile equals 1 +- 21,120, etc. 
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Fig. 13. B Face. 
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its. If a scalo ratio is 1 + 9,000, 1 in, 
mr fydoo fee (ground); meter (rhap) = 5,000 


‘as by reduction or enlargement, the R. F. 
‘not be given on maps which are to be repro- 
ery map. This will be 
be true, ‘Such @ scale is also very con- 
._Itconsists of a straight line divided into 
ibered with reference to the relation between distances on 
‘on the map. The numbers relate to distances on the 
‘graduations, oF lengths set off on the line, relate to distances on the 
‘on the map equal to that from the zero of the scale to any gradun- 
to the distance on the ground represented by the number of that 
‘are designated by the unit of their parts, as scales of miles, 
‘scales of meters, etc, 
eight be constructed by drawing a scale of inches on the map and plackng 
the numbers expressing the equivalent ground distances, Tt 
j however, because more convenient, to take the numbers at intervals 
-oF 1,000, or ialtiples of them, and make the divisions of the line corre- 
\ scale should be divided into & convenient number of equal parts 
divisions. ‘The zero should be between the first and second primary 
i eounting from the left. The primary divisions are numbered from the 
"wero to the right. ‘Tho primary division on the left of the zero is subdivided into 
I called secondary divisions, and these are numbered from the zero 
“tothe je secondary are usually } or yf of the primary divisions, 
prey avin ath such a scale, put one leg of the dividers on the 


' 


? 
i 


i 


gk 


ia 


: 


Aivision next below the distance sought, and the other leg on the secondary 
‘corresponding to the remaining Sigures. 

‘Figs. 18 and 19 give scales for the usual range of topogray maps, which may be. 
Dense carton tha clog of 2 eicip at paper tia tenaiacred ea oeniy HE 20 
seales for plotting ces measured by pacing ou foot, und fig. 21 for those by 
Pacing mounted. 


Scales may be constructed on atrips of paper, wood, celluloid, or metal instead of 
on the and are then called plotting scales. ‘The scales ‘given in figs. 18-21 
scales. A distance may be taken between dividers from any map and 

the dividers to the proper one of these scales, 
fare not engraved and can not be relied upon within 14. ‘They are 
vexact for reconnaissance and, in fact, for most topographical drawing and 








Reconnaissance. 18. 


# R. F.—= 7p = 8.33 to 1° 6336 to 1 mile. 





19876543210 10 feet. 
[— = 








2 RF. zip 10 to T= 528’to 1 mile. 


109876548210 10 feet. 








3 ORF. gg 41.66 to T1267 to 1 mile. 











80. 25 0 50 feet. 





& RF.= gg 50 to 1=105%6 to 1 mile. 


30. 25 0 50 feet. 











St RF. ggg 352 to 1” — 15° to 1 mile. 


100 50 0 100. 200 yds. 














6° RF. agp 440" to 1” = 12” to 1 mile. 


100_ 60 0 100 200 yds. 


EDEDELErEr 








TR, F.= 75pgp= 8333 to 16734 to 1 mile. 


100____200___-300___400__—800 yds. 





100 0 
on 
8° R. F.= jqugj =880'to = 6” to 1 mile. 


rrr h— 100 200_ 90 _490_600 yds. 








Raconnaissance, fads teat 19. 


OR. F=z5lgg 1666.7 to 1'=3717 to 1 mile. 
100-0 500 1000 yds. 
10° R. Feat —= 1760’ to 1’= 3:00 to 1 mile. 
500. 1000 yds. 
1? R. Freaghgg = 4400'to 1’= 12 to 1 mile. 
1000: o 1000 2000 yds. 
12 R. Frm gqlay = 5280' to 11:00 to 1 mile. 
1000 0 1000 2000 yds. 
—————— == —_—_— 


_ 13° R, F=7qg7q9 =10560' to 1'=0'50 to 1 mile, 


1900__ 010002000 _3000 4000 _5000 yds. 
Ce 


14 R. F=gyheqp=52800' to 1'=10 miles to 1° 


199876548210 10 miles. 
=a . 











15° R. Fr-ysg¢qg =132000' to 1-25 miles to 1° 


1g 0 10 20 30 40 miles. 
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43. A series of points connected by azimuths and distances is called a traverse, 
and the operation of determining the azimuths and-distances is called traversing. 
‘The latter term is usually extended to include all azimuths, distances and eleve- 
tions taken while running such e line. = 

A traverse line with elevations along it may also be called a profile, and when the 
traverse is run for the express purpose of taking the elevations, the operation is 
called profiling; and the lino on the ground and the plot of it on paper, are called 








Distances in topography are #0 much greater than elevations thet both can not 
conveniently be represented on the same scale. It is usual to take a scale for eleva- 
tions called the vertical scale, much larger than the scale of distances, or horl- 
zontal scale. The ratio of tho two scales is called the distortion or exaggera- 
tion. Ten or 20 ft. to the in. is a common scale for elevations. “If the horizontal 
teale’is 3 ins. to the mile, the resulting distortions are 176 and 88 times, Both scales 
should always be written below every profile. 

‘Angles on @ distorted profile are aleo distorted, and gradients can not be plotted or 
read with an ordinary protractor. 


‘Angles can be plotted or read on a profile by any of the other methods of express- 
ing gradients, par. 11 and Table I. The horizontal distance is plotted to the hort 
zontal scale and the corresponding vertical distance to the vertical scale. A special 
Drotractor may be made for any given distortion and used to plot and reed angles 

rectly on @ profile having that distortion, ‘To make such @ protractor, lay off = 
distance of 100 to the horizontal scale. At one end of it erect a perpendicular, and 
lay off on this, from the intersection, distances corresponding to 1°, 2%, 8°, 'etc:, 
‘Table I, col. 2.’ These distances must be laid off to the vertical scale.’ Draw lines 
through the points on the perpendicular and tho other end of the horizontal line. 
‘Those lines represent the angles on the profile corresponding to the slopes on the 
ground, 


44, Fleldwork.—Measurements and additional notes may be recorded and after: 
wards plotted on s map, or may be plotted on a map as taken, or the two operations 
may be combined, as circumstances demand, A written report also will often be 
required. 


45. A road sketch consists of a map of the road with a narrow belt of country on 
either side. If roads, parallel and intersecting, are not too far apart, the road 
sketches may be combined into a fairly good map of the entire area, 

‘The road itself will, if practicable, be traversed with the degree of precision 
‘already indicated as required for topographical reconnaissance. If the country is 
‘open, so that long sights are possible, a trained observer will get better work by the 
use of the prismatic compass and clinometer. For shorter courses, when the object 
fs of sufficient importance to use @ chain for distances, the prismatic compass and 
elinometer should also be used and the readings taken with the greatest care. 

Usually, however, the box compass will be used for azimuths and the slope board 
for gradients, or else the sketching case, to be described Inter, par. 54. 

Side features will, if important, be located by intersection; otherwise by estima- 
tion. A convenient method is to estimate the distance of an object when it boars at 
right angles to the course, and plot it from that point, In such case the azimuth 
will be denoted by R or L. ‘Thus, howe 300 R would mean ® house at a distance of 
300 units to the right, ona line ‘at right angles to the course through the point 
‘where the observation ‘was taken. 


46, Traversing with compass and notebook.—Rule a column % of an inch 
wide down the center of each left-hand page of the notebook. Select for the starting 
point some object or point which can be identified by description. Standing at this 
point, sight with the compass toward some object~tree, stump, telegraph pole, oF 
Stone™that will serve as the second station of the traverse line.” Note the reading 
Of tho compass and record it in the center column of the notebook, at the bottom of 
the first left-hand page, making also the aymbol for @ 1. Observe and record also 
the azimuths of any other objects which are to be located from @1. All the ob- 
servations taken at this station are written in order in tho central column from the 
bottom upward and are bracketed together with the station symbol, ‘The name of 
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sock object i written on the same horizontal line with ite szimuth,on the right ede 
of the page if on the right of the traverse, and on the lft side of the ‘on the 
Iett of the traverse. If elevations are to'be obtained, observe the ta from 
Q, to the several objects and place each in the notebook next to the corresponding 
asimuth. 

‘Proceed toward @2, counting paces. Halt when necessary to sketch and measure 
offsets to objects on either side of the course, to take bearings of intersecting roads, 
paths, streams, etc. When a halt is made, @ mark fs acored on the ground, the dis 
tance in paces from the last © recorded in the central columa, and the dosifed notes 
made. ‘along the main line, azimuths, and gradient angles only are 
recorded in the central column, All descriptive matter relative to side objects is 

‘outside of that column on the side corresponding to that where the objects 

. Return to the scored mark and resume the pacing, beginning with the number 
recorded at the halt, so that the total count of paces at any point shall be the number 
taken since leaving the last ©. 

‘The center column of the page is taken to represent the line actually paced and to 
be without width, 90 that offects in the side sketches are shown measured from the 
sides of the column and not from its center. 


On reaching the second ©, record its distance from @1; draw a horizontal line 
across the page; write ©2 in the center column above the line, and continue a 
before to @3. 

It is well at ©2 to take a back azimuth on ©1. This should differ from the 
azimuth of ©2 from @1 by exactly 180°. A marked discrepancy indicates error in 
‘obeervation Or the effect of local attraction on the needle, and should be investigated 
before proceeding. If a beck azimuth 1s taken, it should be the first observation 
made and recorded. 

‘When opportunity offers, take bearings on distant bends of the road, spires, towers, 
hilltope, tal trees, oto, and enter the sugiee in the center column with the name of 
each abject written beside its beating. “Endeavor to get bearings of the same dli- 
tant object from several stations or from two stations at some Gistance apart. ‘These, 
wheo l, should intersect at a common point if the observed bearings are cor 
rect and the compass has not siiflered local disturbance. It is not to be expected in 
work of this grade that an exact intersection of more than two bearings can be 
obtained except by accident. 

‘When a sketcher at any point of the traverse finds himself in prolongation of a 
line that defines or bounds a feature of the country, such as a fence, the edge of 
‘8 wood, a reach of shore lino of river or lake, a gully, canyon, or ridge, face of 
building, of a stretch of road or railroad, its bearing’ should be taken, ‘The same 
ale ahould be observed when important features come into range with each other 
from a point on the traverse. A valuable check on the relative positions of such 
features is thus obtained. 

If traverse line is interrupted by any obstacle that interferes with the messure- 
ment of distance, its width should be estimated and the pacing resumed on the other 
side; or, for greater exactness, make an offset, perpendicular to the traverse line if 
possible, ong enough to clear the obstacle, continue tho traverse parallel to the 
Original course and return to the lattor after passing the obstacle by & second offset 
parallel and equal fo the frst and in the opposite direction; or, locate points ou the 


























9 side by intersections. 
41. The unit of measure should be clearly stated in the notes. Ordinarily 
Aistances along the course are in paces, while estimated offsets may be in paces, feet, 


yards, or fractions of a mile, according to their distances, and also according to the 
‘unit in which the sketcher finds he can make the closest estimate, 

On the usual reconnaissance scales, the dimensions of buildings, widths of roads, 
bridges, etc., can not be plotted to scale, ‘They are shown exaggerated, and the 
trae dimensions, if important, must be given in figures, 


48, The best method of plotting is to plot the traverse lines and the check 
bearings first, Then any error discovered by means of the latter, or by closure on 
‘the Initial or other known point, can be moro readily corrected. When the traverse 
Hine haa oon adjastd, the detais on elther ade are plated in and do uct wane oom 
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‘The outfit desirable for the method of traversing with compass and notebook is 
the following: Notebook or sheets of paper ruled as described, prismatic or pocket 
‘compass, pencil of medium hardness, rabber eraser, pocket knife, 25 t. tape, » plece 
of tine 100 ft long. ‘The abeolute’ nocowstis aro the paper, the compass, pocket 
knife or pencil sharpener, and rubber-tipped pencil. The tape measure is to'be used 
for ig small measurements of distance or dimensions, ‘The cord is usefal for 
‘eamaring depths of water, holghts of structure, es. If should be gradaated to 


49. The topographic field notebook is dosigned to facilitate the foregoing 
method of traversing. In addition to the central column, it has columns on either 
side in which to record the offset distances, each of which is put down on the 
aide of the central column, avoiding the necessity of using the letters Band L, and 
eliminating the liability of mistakes in confusion of the direction. 

‘The opposite right-hand page is ruled in 1 in. squares, and bas a fall-cirele pro- 
tractor graduated to degrees printed on it. This page facilitates @ hasty plot of the 
traverse with respect to which many detaiis can be sketched in more clearly and cer- 
tainly than they could be recorded in writing. At the bottom of the page are scales 
of tenths and elghths of inches. The alternate pairs of pages are plain ruled for 
notosand memoranda. Figs, 22 and %3 show the arrangement and illustrate the use 
of the book described. 


50. Traversing with compass and drawing board.—The observations are 
taken as in traversing with a notebook and compass, but the traverse line and such 
offsets as come within the limits of the eketch are plotted at once; that is, the map is 
@rawn as the observer proceeds over the ground. A great advantage of this 
‘mothod is that any large error in measurement is likely to be detected by the eye, 
ag the map is compared with the ground, and errors can be corrected on the spot. 
‘Tho plotting scale of equal parts should be prepared beforehand to sult the scale of 
the map. If this scale can be pasted or drawn on the edge of the protractor opposite 
the ongalar graduation, it is a convenience. 

The sides of the sheet of paper should be lettered N, E, 8, and W to correspond 
with the points of the compass, If the paper is ruled or water-lined, the lines are 
taken parallel to the magnetic meridian, 

Having observed the azimuth at © 1, draw through the point that 
station a line having the observed azimuth, Azimuth lines are erased finally as a 
ale, and hence should be lightly drawn and with afairly hard pencil. Prolong this 
Ine ‘in the direction of © 2 far enough to surely reach that @. If other azimuths 
are taken at © 1, plot them also, and note on each the object to which it bears. If 
the distance to the object is estimated, it may be laid off on the azimuth and the pos!- 
tion of the object plotted at once. 

Proceeding toward © 2 totake any desired side shot, haltabreast of theobject, plot 
the distance from @ Ion the course, estimate the distance to the object, and plot it 
in at that distance opposite the point plotted on the course and on the proper side, 

Arrived at © 2, ley off the entire distance from @ 1, and plot and mark @2, rase 
the azimuth line beyond © 2; take and plot any other desired azimuths. If any of 
‘them are to points previously sighted to, make the intersections and plot and mark 
fhe points.” In plotting asimuthe to ide object, its better to draw only a abort part 
of the ling near the object to avold confusion of lines on the aketch and eapectally 
near the station. 


51. The following outfit is desirable for traversing by this method: A thin, 
smooth board 12 x 15 ins, to which the paper is attached by thumbtacks or 
Ht ested Tapa litt eae ne 
protmctor, a plotting scale, lead pencil, No 8 or 4, rubber eraser, 25 It. tape, 100 ft 
of twine, watch, pocket knife, canvas cover for board and paper, notebook. A fleld 
glass aan very useful, Good work can be done with les latorato outfit, oF with 

;provised arrangements for some of those mentioned. ‘The drawing board may be 
‘utilized as a slope board. 


62, A road sketch will be long and narrow, and two or more stretches should 
be got on a board if possible. In this way a board of the size indicated will hold a 
fair day's work. ‘When a section runs off the paper mark it with a letter, as A, and 
make a note, Continued at B, Mark the beginning of the next section H and write 
Continued from A. 
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55, Aether form of sketching cane ls ahown in Og. 27 The raat urm of the 
‘cavairy caso is replaced by two sliding motions at right angles to each other, which 
‘permit the compass to be placed over the pivot end of the raier and bring ft directly 
Under the eye when aligning the ruler. Several minor details are worked out to 

reonvenience and accuracy of use. ‘These advantages are secured at some 
sacrifice of slmpllcity and compactness, and this form of case will not stand as much 
rough usage as the cavalry case. 

56. Improvised instruments.—By the oriented-map method's very good sketch 
maybe made with improvised instrunmeete, Any emooth surface on which lines will 
show will answer for the board and paper. The edge of a book, an envelope, oF & 
pleco of paper carefully folded makes the ruler. A narrow strip of paper folded 
double several times makes a scale of equal parts. See par. 58a, p. 69. 


67. A road reconnaissance should procure data‘on the following subjects: 

‘The road. Gradient, egpecialy tho steeper; width of roadway; tf paved, width, 
kind, and condition of paving; width and depth of side ditches, and whether wet or 
dry; if not paved, character of soll, sand, clay, or gravel; kind of fences and width 
between them. ‘Tho sketch should also show’ where the road is In embankment or 
cutting; where wagons can not double or pase, and where foot troops oan not march 
‘long the side between the wagon track and the fences, 


Bridges.—Material of piers and abutments; type and material of superstructure, 
‘as girder, truss, arch, suspension, wood, stecl, stone, etc.; width of rosdway, and 
clear headroom; safe load (see Bridges). "Of bridges over the road, clear width and 
height; over streams, the nearest bridges above and below and whatever information 
can be obtained about them. . 

‘The country.—Character of cultivation or natural vegetation; areas and di 
of timber, underbrush, vines, especially poisonous ones; marshes and fords, kinds of 
fences, nature of soll; general configuration of surface, especially high bills, long 
Hldgee'or valleys, blufis or slopes 00 steep to scale, and practicable routes to thelr 
crests. 








‘Streams crossed.—Name, width, depth, and surtace velocity in swiftest current; 
velocity noted as sluggish, moderate, quick, or swift; elevation of high-water marks 
{n relation to the road; which bank is the higher af crossing and above and below, 
‘and how much; accessibility of water for stock; fords at or near crossing; length, 
depth, and steepness of approaches; levees or embankments, height, and thickness 
‘on top; if navigable, to what distance above and below and for what class of vessels— 
steamers, flatboata, rowboats. 

‘Towns and villages passed through.—Name, location on map, and population. 
‘Names of streets to be traversed. Material, as stone, brick, frame, log; size, 1, 2, 3 
stories, and distribution, close or scattered, of the houses in those streets; gradiente 
of intersecting streets; location of railway depote, ‘post, telegraph, and telephone 
offices; of drinking fountains and watering troughs; of elevators, storehouses, or 
other accumulations of food or forage; of blacksmith, wagon, and machine shops. 

‘When ordered to make a complete examination of a town or village, note 
besides the foregoing, location and size of principal buildings, halls, court and 
school houses, churches, banks, jails, and their ownership; sources,” maximum 
quantity und distribution of watet supply; sanitary conditions and diapoeal of wastes; 
location of railroads, depots, freight houses, sidings, etc.; for all roads entering from 
the surrounding country the same {nformation ns scheduled above for streeta; Ioca- 
tion and extent of open spaces, and of large substantial buildings standing apart; 
location and extent of high ground within range, especially that from which streets 
can be enflladed. 











ingle or double track, sidings and loading 








58, River reconnalssance.—Designate the banks as right or left, the right bank 
being that on the right hand when looking down the stream. If, when standing on 
the bank facing actoss the stream, the current flows from left to Fight, the observer 
ia on the right bank; if from right to left, he is on the loft bank. 
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If the stream is-navigated, pilots and residents will “know distances by'chiznel 
between landings with sufficient accuracy for the purposes of & field reconnaissance. 
In making a traverse along the banks of the river, it may be desirable to cross from 
‘one elde to the other to save distance or avoid obstacles. When a crossing is to be 
made, at two or three stations from the point of crossing select a point on the other 
‘de snd take an azimuth to it. From the last station take another asimuth to the 
‘saloeted point, logating it by intersection, If the conditions prevent an interwection, 
takean azimuth from the last station to the point on the opposite bank and estimate 
the distance. 

‘The vailey.—General configuration, heights of limiting ranges, and positions of 
pasos or roads crossing them; commanding ground from which’a atretch of the 
channel of considerable length can be enfiladed by artillery; forest growth on or 
‘near banks; soll and cultivation of the valley; roads parallel to river, and means of 
‘sccoes to them from the river. 

The stream.—Its width, depth, and velocity; navigability, as tor steamboats, 
fiatboats, rowboats, rafts, and head of navigation for each; nature of obstructions to 
navigation and possibility of removing or avoiding them; season of high and low 
water; 0 Fise and fall; rapidity of rise and fall and causes; amount of drift; 
character of banks and relative command. Quality of water; amount and kind of 
sediment borne; usual period and thickness of ice. 


Tributaries and canals.—Width, depth, navigability, and means of crossing. 
Nature and ‘of canals; dimensions and lifts of locks; time for lockagos; 
means of destroying locks and effect of destruction; floating plant found. 

‘and fords.—As in road report. Also for bridges note position of the 

‘and navigable width between piers; height of arches and lower chords 

above the water at differen 3, dimensions and operation of draw spans. Note 

the exact position of forde and fheinarks on both banks by which they may be found; 

Tength, width, and nature of bottom; velocity of current; position of dep holes; 

ids to‘crosing. | Fords should not be more than 4 ft. 4 ine. for cavalry, 954 ft, for 

infantry, and ft. 4 ins. for guns and ammunition. ‘Note nature of approaches to 

‘bridges end fords; width of roadway, slopes, soil, effect of weather and traffic. Note 
eapecially the defensibility of bridges and fords. 

Ferries, boats, and other means of crossing.—Position of ferries; approaches 
and practicability for horses and loaded wagons; slzes, number, and kinds of boats; 
method of propulsion; sites for military bridges or ferries; character of site for con- 
struction, use, and defense; proximity of islands and tributary streams; approaches 
‘and slope of banks; width of river and maximum surface velocity of current; mate- 
rials for the construction or repair of boats, bridges, or ferries. 

Inundations.—Places suitable for inundations by damming or obstructing a nar- 
row bridge span, or by cutting a levee or dike. Note raised roads on ground liable 
to natural or artificial inundations and the safest route to follow by known land- 
marks when the road is overflowed. An extensive inundation 2 ft. deep on level 
ground 1s a serious obstacle unless the roads are very sound and marked by trees, 

ete. Even when 90 marked a dip in the roadbed of 3 or 4 ft. may render the 
Toad impassable. A railroad bed is soon washed out even by a slight overflow. 


58, Reconnaissance of a railroad.—The line. Local name; terminal points and 
distances between stations and other points; gauge; single or double track; condition 
of roadbed, ties, and rails; drainage and liability to overflows or washouts; facilities 
for repair; ‘condition of right of way for marching troops along the line. 

‘Tannels and bridges.—Number and location; dimensions; strength of bridges; 
‘means of destroying and repairing; of blocking traffic, 

Rolling stock.—Number and nature of engines and cars available; capacity for 
transporting troope between given points; fscllities for constructing armored trains, 
As spare rule, old boflorn, ots. Tocation aad capacity of ops and afore yards. 

Stations.—Name and location; facilities for entraining and detraining troops 
with wagons and horees; platforms on through lino and sidings; rampe; side tracks, 
number and capecity; turntables; water tanke; fuel facilities; der- 
ricks or cranes; cross-overs for teams and pedestrians. Facilitioe ut hand for hos- 
pitals, campe, depots; for feoding men, heating coffee, watering, hore Soeng, 
Temporary halts, 
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Detensibility.—Heights commanding line of road; defense of stations; defense of 
roacband telegraph Hnes against raiding jou; structures exposed to demolition; 
Sctonvo and otiack of semey defen and siver croweings, 


Reconnaissance of a wood or forest.—Note all roads and and all 
ravines, and streams within the wood or skirting the edges; kinds of trees, 


ze open 
obstactos by felling 











‘ata to be followed Kote the exterior fins of te wonds, whether parte of the 
boring pleces! of wood by scattered 
that would give cover to attacking 





force or to defenders. 


61. Reconnaissance of mountains.—Note the number and positions of 
through the mountains, of roads and trails leading to these passes, their condition, 
practicability and means of repair; steepness of slopes on the sides of roads; means 
of constructing additional rosds; water courses, their direction, nature, and’ time of 
floods; means of crossing. Note ravines and open gledes on mountain sides, lookout 
ots, aad good gual stations; not thoe and duration af mnowdtifs om reeds oF 
‘pasees; depth of drifts and possibility of removing them or of traveling on 
Gtthe mow. Noto extent snd nature of fret growth. 


62, Reconnaissance for a camp or winter quarters—Site,—Location, eleva- 
tion, and area; sanitary features, nuch as drainage, dryness, and general ¢ 
‘of top soil; proximity of swampy ground or stagnant ponds. 

Communications.—Suficency of exiting roads and peths, maximum grades, 
probable condition under heavy trafic and in bad weather, location and kind of 
materials available for improvement or repair, railroad or water communication and 
‘terminal facilities of same. 

Water and fuel.—Locstion, kind, and quantity of fuel at hand; quality and 
quantity of water; facilities for filing water carts, for watering antinals and, for 
Mashing snd bathing; natare of supply, as wells, springs, running streams, and its 

ty. 

Shelter and convenlences.—Proximity of trees, brush, wood, hay, and strew 
for huts and bedding; of markets; of towns and villages, 

Defensibility.—Location of outposts and guards; location and character of 
defensive positions in or near the camp; force required to hold positions which may 
command the camp. 


63, Reconnaissance of a position This problem usually ncludos the selection 
of the position, and is thorefore tactical as well as topographical. Certain relations 
‘and conditions must be observed in the selection, and the extont and degreein which 
they are found must be clearly shown on the map or in the report. 

The length of the position, or its development along the firing line, should be 
proportional to the force available for ita occupation. Exact rales can not be given, 
bat 5,000 intantry per mile or 3. men per yard is the usual estimate, 

The flanks must be secure. Im) natural featares, a river, mountain, 
or stream form the best flank, Lacking these, a wood, a deep ravine, 's cliff, oF 8 
1high hill will serve. ‘Even with these features absent a flank may be strengthened 
by the construction of a strong earthwork, but the general rule obtains that natural 
Meaknew ofthe fanks must be made up bya greater number of men, or by the mab; 
atitation of cavalry for infantry in case the ground favors the movements of mounted 











If the flanks are naturally strong the line should be withdrawn to make the 
entire position reentrant; if the flanks are naturally weak the connecting line 
‘should be held straight or advanced #0 as to make the position straight or salient. 
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of the position, or its extent In rear of the firing line, should afford 
‘natural cover for supports, reserves, and trains, which may total depth of 
{900 to 2,400 ys.; but a short position may be relatively yer than a long one, 
‘Three or four parallel ridges, ‘yds. apart, ig erond 
practicable, form an excellent portion. ‘Ifthe ret ridge is somewhat higher than 

eet, so much the better. Whatever cover there may be for the component. 

of the force, whether natural or artificial, fences, ditches, trees, etc., should be ehown 
oF described. If digging is necessary, its mount and the character’of the eoll should 


Strong points in front of the line, which may be occupied as outposts, should 
be shown. 


Communication should be free in every direction, concealed so far as possible 
from the enemy's view. a 


A Positions are required when that arm is represented in the occupying 
force, as will usually be the case. They should permit the guns to sweep all grout 
in front of the position over which the enemy can advance, to the limit of effective 
range, Every point in front of the position and within range which commands any 
part of it, Is an element of weakness, 


Ranges at which the enemy can be seen and reached by artillery fire; the points 
beyond rife range covered by such fire and its relative command of adverse artillery 
positions should be shown or described. 


1 possible, similar information should be obtained of the ground Ukely to be occu 
pled by the enemy in forming for attack, or in taking ups counter position, 


(4, A position occupied by an enemy must be reconnoitered from a distance, 

aod tow Rata can ect be boon. Weledole fatoronese may bo drawn by ramen? 

‘bering thet the enemy has probsbly chosen his position in accordance with the prin- 

ciples above given. 

of ial attention should be given to the flanks and the feasibility of turning one 
em. 


6. A position sketch will usually be on a scale of 6 ins. or 12 ins. to the mile, 
At will bo found most convenient and expeditious to make it by the compass and 
drawing-board method, par. 60, or the method with oriented board alone, par. 63. 
‘The travorso will include the fewest points from which the entire area can’ be seen, 
often only two, and all other features will be located by intersections trom these 
points, Elevations may be taken by slope board or clinometer, the height of the 
first point occupled being arbitrarily assumed if not known, 

It two points can be found which overlook the area in front of them and which 
‘are also visible from each other, the compass may be dispensed with except for 
‘@ meridian. Measure the distance between the two points. Assume the position of 
‘one of the points and of the line joining them, #0 as to bring the desired area on the 
paper. From the first point lay off on the line the distance between the two points 
to the adopted scale and plot the second point, The line joining the two is called 
the base, and will be near one edge of the board, if all the area to be mapped is on 
one side of the line, or toward the middle if it fs on both sides. 

Place the board over the first point; lay the ruler along the bese and turn the 
board until the ruler points to the second point. Keep the board in this position 
‘and point the ruler succosalvely to the objecta to be located, drawing the lines as 
explained in par. 53. Gradients are written along the corresponding azimuths, 
One gradient should be taken to each point determined, 

Proceed to the second point. Lay the ruler along the base and point it to the first 
point. Point the ruler to the objects to be located, marking where it crosses the line 
to the same object drawn from the first point, 


66. Contouring 1s method of exhibiting relief of ground by means of lines 20 
drawn on a map os to indicate points of equal elevation, ‘The lines so drawn on @ 
‘map and the corresponding lines on the ground are called contours, ‘The word con- 
touring a applied to the feld work directed eapecially to obtaining dats for drawing 
contours. 
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‘The difference of elevation of points in adjacent contours is called the eomtour 
interval, and is usually constant for all the contours on the same ‘The hort 
zontal distance between contours, measured in a radial direction with reference to 
the curvature of the contours will be referred to as contear distance. 


The theory of contouring is that no inadmissible error will be made by su 

the slope of the ground from a point iu one contour to the corresponding point in the 

next, oF along the contour distance, to bea straight ling, ‘The lees the contour inter- 

val, the less error will be made. If in fig. 28 the curved line AB represents the actual 

surtace of the ground, and points 1, 3, 6, the elevation of successive contours, the 
broken line 1, 3, 6, will represent the assumed ground surface, and its departare frou 
the line 4B is the error introduced. If now the polnts 2, 4, and 6 are aleo determined » 
or the contour intervals be reduced one-balf, the assumed slope is 1, 28,4, 5, 6, whicks 
differs leas from the line AB than the line 1, 3, 5, and hence introduces Yeas error— 
With polute determined at very short intervais the error is practically eliminated. 


It contour distances decrease with elevation, or the contours become closer ase 
they go higher, the slope is concave, and points between contours are lower tham 
tho straight lino joining corresponding Contour point,” Ifthe contours become closer— 
as the ground falls, the ground is convex, or lies above the straight line joining cor— 
responding contour points. A point of inflection, or change from convex to cou— 
cave, is at the point whore the contour distance is lees or greater than those on elther- 
side of it. Equal contour distances correspoud to uniform slope, 


67, One contour does not necessarily join all the potnts of the same elevation on 
the map but only those which have a continuous series of points of the same eleva- 
tion joining them. It may require several contoursto take fn all the points of a giv 
elevation on the map. Parts of the same coutour will uppear as separate when 
ground over which they could be connected {s not on the map. The selection of the 
points to connect in one contour is the dificult part of the process and can not be 
done correctly without thorough knowledge of the principles of the method and a 
‘good idea of the general shape of the ground to be contoured. In military recon- 
‘Baiseance only enough elevations can usually be taken in the field to guide one who 
haa seen and studied the ground in drawing the contours. No one who has not seen 
‘and studied the ground should be expected or permitted to draw contours from such 
data. Erroneous information may be worse then none at al 


























68. For equal contour intervals the map contours are closer together as the slope is 

steeper. It follows that for steep slopes the map contours will approach each other 
ry closely, and for a vertical wall or elif they will colneide. 

Ground contours can not cross, but map contours may cross in the very unusual 

cage of cave or a bluff overhanging by an amount which can be shown on the hort- 

Zontal ecale. ‘This is 60 rare that itis usual to eay that map contoure can not cross, 

Every contour must close upon tel In Joep oF else aust extend unbroken from 
one point on the margin on the map to some othor poiat on the margin. Au excep- 

ma is made in the case of large streams, the contour on each bank being carried 
upstream until it cuts the water surface when it is dropped. ‘Tho two enda must be 
directly opposite, fig. 29. In a small stream or dry bed, the contour crosses at the 
point where the elevation of the bed fs that of the contour, fig. 30, 

Maximum ridge and minimum valley contours go in pairs. A single lower 
contour can not He between two higher ones, or a singlo higher between two lower. 
When two adjacent contours have the same elevation, the ground between 
them will be still lower if they are valley, or still higher if ridge contours, 


69. Contours are designated by thelr heights above a datom plane. ‘The height ts 
gapreased in fect, except when the metric scale ls used, when contour intervals are 
in meters. 

















The elevation of each contour should be shown in figures at points close enough 
together to allow the eye to run from one to the other with ease. It is beat to break 
the contours and writo the numbers between the ends. If written alongside, the 
numbers should always br on the higher side of the contour, figs. Sl and $2. 


70, Btralght contours are very rare. They may be determined by locating any 
‘two points, or by locating one point and observing the azimuth of the line. 
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Simple curved contours are more frequent-than straight ones, but are not oftem 
found of any considerable length. They may be determined by fixing 3 points; or 
by 2 points with the radius estimated; or by 1 point with the center assumed. 


‘The typical contour is « wavy lino, alternately salient and reentrant, and may 
be determined with the precision needful for hasty reconnaissance by the 
extreme points of the convex and concave portions, 


‘1. Looking at contours from the higher side, the salient parts, or those concave 
to the observer, correspond to the ridges, and the reentrant parts, or those convex 
tu the observer, to the valleys. ‘Tho valleys are also lines of drainage. Hence, half 
of the points necemary to determine a wavy contour will lie on drainage lince, as 
indicated by rivers, creeke, brooks, and rivulets, and by ravines, or other depressions 
dry at most seasons. 


The slope of a drainage line grows less in the direction of flow. ‘Tributaries, or 
branches, are usually steeper than the main stream at their junction, and also 
increase in slope toward their sources. Generally, in a limited area, the sources will 
beat nearly the same elevation To apply this principle in increasing the amount 
of topographical relief that may legitimately be drawn from a given number of 
known elevations, let fig. 33 represent the drainage lines of an area taken froma 
‘civil map. Suppose the ground to have been studied and elevations to have been 
determined at 2 points, A and B, How much topography can be drawn? 


‘Tho 110 ft. contour will be above the 105 ft. and by a distance somewhat less than 
the length AB, because the slope becomes steeper and the contour distance less in 
going upstream. The succeeding contours at 10 ft. intervals will cross the tributary 
‘at gradually decreasing distances, as indicated, and for the same reason. The sourco 
is found to be about 130ft. ‘Take the other sources to be also 130 ft., and draw the 
contour at that level, remembering that it is concave where it crosses the streams, 
‘and that the part between the streams is convex and advanced. Lay off the contour 
polnts on the other stream lines, keeping in mind the law of slopes, and draw the 
‘other contours, following the same rule as for the first. 


72, Uf enough elevations were taken on stream lines the concave parts of the 
contours would be fairly well determined, but the convex points would still be in 
Bartunceraln, Tels known that they aro convex and salient, Dut not bow much, 

‘ais information is supplied by elevations taken along tho ridges, crests, or divides 
which lie between adjacent drainage lines. ‘The typical profile of a crest isa reversed 
curve, fiat and convex betwoen the sources of stream, flat and concave near the 
functions of streams, and steepest in the middle, with the inflection at the steepest 
point. The form of crests is not 60 rogular as that of valleys, and less uso can be 
ade of it. It should be kept in mind as a basis of comparison, 60 that actual forms 
‘can be moro readily remembered. 


13. Thefield work of contouring an area which has a sufficient relief to exhibit 
drainage lines clearly may begin by traversing these lines, with gradients taken by 
clinometer or slope board. It le most convenient to begin where collected drainage 
leaves the area to be mapped, and follow each valley to its source. 

If the valley is open and the flanks of the ridges on each side can be seen, time 
may be saved by taking level sights from some of the contour points on the drainage 
Ting to ponte on the ridges aa ‘for advanced es possible, usually where the line ef 
sight is tangent to the hill. ‘This gives two points, a a, fig. 93, near the apex of the 
talient from which the contour may be drawn often as well as by a point at the, 
If this can be generally done, it may Dot, be necessary to run out the ridges. Notes 
should be made of the apparent shape of the contours near the drainage line, whether 

sbarp or blunt, or whether the valley is narrow or wide. The general shape of the 
sky line of the ridge or its projection against higher ground should be noted when- 
ver a lateral view of it can be had. 
If bill points can not be taken from the valley traverse, the ridge lines must be 
run out. "They must be connected in plan (distance and azimuth) and in elevation 
with the drainage lines. When drainage and ridge lines are plotted on the map, the 
contour points, if not actually observed, may be interpolated and the contours drawn. 
The symmetry of adjacent contours is obvious from the inspection of any contoured 
snap, and this Pelation may be utilized where one contour haa been well ae 7" 
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to draw the one on aither side of it trom a very few points, often but one, 
contours are wavy, they will generally be a little farther apart at the concay 
convex points than’ at the reversion points between thet 
‘wavy, they are generally parallel. 


14. If the reliet of the ground is so slight that the drainage and ridge lit 
tneerian, the field work of contoaring is beet done by taking. elevations at 
arbitrarily selected. Such polnts will usually be in straight lives running 
‘general direction of the steepest slope. ‘The points are plotted on the map, t! 

gf elevations written near them, and the contours are interpolated « 

w, the surface of the ground between observed 
F the points are together, the less error is invol 





Tf the contours a 











this assumption, 
If the country is comparatively flat and unbroken, profiles may be run along 
‘and paths, and contours sketched in on each side 90 far as they can be seen. 
by going over the intervening gronud and observing ita shape, the portions 
can be joined with the eye with sufficient accuracy. 
In towns and villages profiles along intersecting streets and the study of the 
‘vening space furnish data for approximate contours. 


15. Slope equlvalents.—Actual distances between contours on a map dep 
the contour interval, the scale of the map, and the gradient. For any give 
the contour interval and scale are constant and the distances between co 
opend on the slope alone. On any map with contours at equal interval 
mnt has {ta corresponding contour distance, which is called its equivaler 
e_sabdlvided to show the anivalnts of rations gradients on eoy mep is 

2 scale of slope equivalents for that map, or simply the Seale of slopes, 
‘applying such a scale to the distance between two successive contours the 

@ ground between them may be read off. 

For different maps slope equivalents vary with the ratio between the contour 
val and the scale, A scale of slope equivalents may be constructed for a give 
‘80d will be true for all maps having thet ratio, no matter how much the scalt 

taken as the fraction of an inch on the scale of the mi 

If the scale of the map is 600 ft. to th 

fend the contour intorval 1 ft., the ratio is xy oF 0.002, which is the fraction 

Inch corresponding to 1 ft. on a scale of 600 ft. to the Inch. If the scale Is 1,000, 

10,000, o 60,000 ft. to the Inch, and the corresponding contour interval ie 2, 10; 

100 ft, the ratio in each case ia x4, and the contour interval corresponds 0 0.1 

gn the scale of the map and’ seafe of slope equivalents corresponding to tht 
appl 

Fig. 35 contains scales of slope equivalents for ratios of xy to zdye, Which wil 
‘the dual range. 

To get any desired scale of slope equivalents from the figure, divide the nun 
foot ia the contour interval by the number of feet per inch of the scale, or divi 
‘umber of inches in the contour interval by the denominator of the R. F. The 
fa the ratio, Place the straight edge of a piece of paper horizontally on the di 
snd passing through the corresponding point on the ratio scale on the lett 
‘figure, and prick off the scale, 

Slope equi afford a convenient and rapid method of determining o 
points on any line of map the gradient of which is known, 

Any fraction of the equivalent for any slope corresponds to the same fract 
the contour interval. If an end of the line is on a contour, tho slope eyaiveler 
be stepped off along the line and each point so determined will bo a contour 
If the end of the line is between contours, measure off on the line the part 
‘lope equivalent corresponding to the rise oF fall to tho next contour point, 
‘this step off the slope equivalent as before. If « fractional distance remains 
end of the line, find what part of the slope equivalent it fs, and add to or su 
from the last contour elevation the corresponding part of the contour interval 
elevation of the end of the line. To illustrate: Tf in fig. 38 elevation 
eb is 108, gradient +2°, tour interval 10 ft. and the slope equivalent ed 
tthe riso to the next contour is 110 — 103 =7 ft, or vy of the contourinterval. { 
tenths of cd=sas, and hence ¢ is the position of the 110 ft. contour point. 1 


















































a te 


















































88 ENGINEER FIELD MANUAL, 


af, fg, and gh= od and locate the 120 ft., 190 ft., and 140 ft. contour points, 
Feinalning distance hb = 34 of ed, henoo the rise boyond h= 254 ft. and vlovaton 


78, In the absence of contours reliet may be indicated ets which are 
short parallel or lightly divergent lines running in the direction of dhe atepest 
slope. ‘be used only to indicate areas which slopes steep 
chdagh woferSoveror become cbstacln,” ‘The ase of bachureets ivstretat a Bg. 


1, The reconnaissance with a moving column will require the simultaneous 
‘work of a number of sketchers and must bo so organized that each sketcher sball do 
his fall share in the time allowed; that the sketches and reports shall be turned in 
‘about the same hour, and that the assigned ground shall be thoroughly covered with- 
out unnecessary duplication, 

‘A good sketcher on foot can take about 10 miles of road in a day, or can ke 
with a slowly advancing column, A good sketcher mounted can cover 15 
day steadily, oF In an emergency 20 or ¥5, and can keep up with infantry on a forced 
march or with cavalry marching at ordinary rate. 

‘The reconnaissance for a column should include beskies the road traveled the nearest 
parallel road on each side and all connecting roads between them. Each mile trav- 
‘reed by the column on the main road will thus involve 23, to 6 miles of sketching. 

If a reconnaissance fh to be made when a force is not in motion, the area to be 
covered will usually be so large and the time allowed 90 short aa to make it necessary 
to combine the work of « number of sketchers. 


13, Mf an; is available, the area to be reconnoltered should be outlined 
on It and subdivided into as many'parta us there aro akotchery, the parta to be made 
‘equal, not in size necessarily, but in amount of work and time required, the important 
point being that all the parts shall be finished at the same hour. 


‘Each of these parts is assigned to a sketcher, with fall instructions as to the amount 
‘and class of work to be done, the scale to be tsed—which should be the same for all 
—and the place and hour at which the sketch must be turned in. If practicable, 
ech sketcher should be given a tracing or copy of enough of the map to show the 
boundaries of his own task and the adjacent features of those next to 


If there is no map, the area may be indicated by landmarks, but it will be 
necessary, and always desirable, to go over the ground and point out his task to 
sketcher.’ When boundaries are definite, there need be very little overlapping. The 
‘amount of reduplication must increase as boundaries become more vague. 


79, Tho area to be mapped may be divided up in any conventent way, but it is best 
to use roady fences, steam, or other well-defined lines as much aa possible. Lack: 
ing thooe, compass courses passing through well-defined points will answer. 


In a road sketch one man should be assigned to the main road or that on which 
the column is marching, Others will be assigned to such parallel and intersecting 
Toads aa it may be necessary to map. 80 far as practicable, side parties ahould leave 
‘the main road by an intersecting road, traverse a short stretch of parallel road, and 
return to the main road by another cross road. 


$0, Compilation —The skeiches when tured in are consolidated, umally by 
pasting them in th 3 Telative postions on a large shest of paper, or el by 
Pasting them togetherat thelr edges so that corresponding features will join, If a 
‘of them does not exactly fit, au will often happen, the adjustment is best made by eut 
ting the sketch into two of more pieces and moving them with respect to each other 
fo tt ateorb the discrepancy. ‘Thus, I's plece of road [shelf inch too short, 
cut it at three ow four places on lines’ perpendicular to the road and 
ploces by a sixth or eighth of an iach it too long, ovesiap the pieces iatead ot 
separating them. If Foud or other feature 1s out of azimuth, make « cut throngh 
One of {ts ends and swing it into place. ‘These operations may be combined. 
adjustment is rapid and sufficiently exact, If a sketch is too much out to be adjusted 
By this process, it will usualy be of little value and time will be saved by low 
out of the compflation and filling in the gap freehand, using the sketch as a 


‘Fig. 38 fllustrates this method of adjustment. 
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81, Reproduction.-—As many copies of the map will be made as circumstances 
may require. The first step is to divide the map into sections of conventent and 
‘usually equal size, and make a tracing of each. ‘The size of the sections will usually 
be determined by the method of reproduction to be used and the size of the apparates 
‘at hand, Time will be saved if there are not more sections than there are men avail 
ble to trace, supposing that all the tracers are of approximately the same speed. It 
‘one of them can work two or three times as fast as the average, two or more seciious 
‘should be reserved for him, the idea being that the work will be done in the shortest 
time if 90 arranged that all finish at once. 

‘With fairly expert sketchers, it will be possible to have each ink his work before 
turning it in. A useful expedient in caso of great haste is to make the sketches them- 
selves transparent by oiling and fasten them together for use instead of tracing. 


82. The tracing made, further processes depend upon the time available and 
whether the work can be done in daylight or must be done at night. 

Of processes requiring sunlight, the moat reliable, simplest, and quickest is the 
blueprint process. 

‘The prepared paper may be purchased in rolls of 10 or 60 yds. It should be pat 
up in tin foil and each 6 oF 8 rolls should be in a sealed tin case; it will then keep in 
goad condition for slong time. It necessary to sensitize the paper in the feld the 

lowing éolutions must be prepared: 















Stock solution A {Gitte of ron and ammonia. 


shock ntti B {ed pra of potash 


For use mix 4 parts of A with 3 parts of B. 


Unprepared paper may be purchased in 50-yard rolls. To sensitize the paper s 
shoot of the desired size Js cut from the roll and placed on a flat surface; the mixed 
‘solation is applied with a sponge to the upper surface in smooth, even coat, care 
teing taken not to wet through to the back ofthe paper. ‘The shect is hung up in 
‘dark room until dry, when it is ready for use. Only enough paper for a day's use 
{is sensitized at one time, for it does not keep well. 


‘The exposure takes from four to eight minutes in bright sunlight, varying with 
the intensity of the light and the transparency of the tracing Under other condi- 
tions than sunlight a much longer exposure is required; eumetimes an hour or more. 
Gare must be taken that the paper is not taken from the frame beforc it has been 
sufficiently exposed. When the margin protruding from under tho tracing has a 
greenish-bronze color, open one part of the beck of the frame and observe the print. 
‘The lines should stand out sharp and distinct on a gray background. Take the print 
from the frame and place it in tray containing water sufficient to fully cover the 
print. Ringo it until the lines stand out in clear white, then hang up to dry. It is 
to be remembered that the fresher the paper is the slower it will print and the quicker 
it will wash out; the older the paper is the quicker it will print but the slower it 
will wash, 

Additions and alterations may be made to blueprints with 10% solution of oxalate 
of potash used as an ink. If it shows tendency to run, add a very little mucilage. 
Common soda may be used, but the lives have a yellowish cast instead of the pu 
white which the potash gives. Additions and alierations of a drawing are conv 
fently made by inking the lines of a blueprint with waterproof liquid India ink and 
removing alll the blue color by the potash or soda solutions. The black lines then 
remain on a white ground. They take well in photographing, and by treating the 
paper with oil, it becomes transparent enough for contact printing, belng used in 
place of tracing and in the same way. 

Brown prints,—Next in point of simplicity for daylight uso is the brown-print 
Process. It ts In wany respecta the most satisfactory of the copying processes. The 
‘paper is purchased prepa: 

After exposure for about two minutes in bright sunlight, the margin protruding 
from under the tracing tarns from ite original light yellow to s reddish-brown color. 
‘The print ie then taken from the frame, immersed in water, and thoroughly rinsed 
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‘on both slides, when the lines como out in perfect white on a sepia-brown ground. It 
ia then immersed in a fixing bath made from the salt which accompanies each roll 
of the paper (2 ounces of fizing salt to 1 gallon of water); this makes the print per- 
‘manent and also darkens the sopia-brown color, the lines remaining white, After 
fixing, the print must be troroughly washed for twenty to thirty minutes and then 
hung up to dry. 

‘The-brawn color being impervious to Light makes this paper very valuable for 
negatives which may be used to produce positive copies, either with the blue or 
brown print papers, yielding an exact reproduction of the original in either blue 
or brown lines ons white background. In making the positive prints from the 
Drown-paper negatives the time of exposure is somewhat longer, since the brown- 
Process paper is not as transparent as tracing cloth or tracing paper. Even very fine 
Tines of the original are reproduced with surprising distinctness, due to the fact that 
in both manipulations the original ia in direct contact with the sensitive side of the 
paper, #0 that no light can entar sideways under the lines. 

By making several negatives and printing from them simultaneously, the rate of 
reproduction may be largely increased. 


83, For printing by artificial light bromide papers are used. A contact print 
from the tracing has clear white lines on a very dark brown ground. The contrast 
isclear and agreeable, Alterations may be inade with a sharp red pencil, which 
makes a legible line, or by scratching through the emulsion, which makes a white 
line. A print can be obtained quick!«tom the light of three candles at 12 ins. 
distance. 

‘To.develope bromide prints mak. « stock solution of hydrochinon, 160 gr.; 
sodtum sulphite, 360 gr.; water, 12 o7. 

For use, to 1 of, of stock solution add 1 dr. rodinal and 8 02, water; or, make stock 
solution of metol, 150 gr.; sodium sulphite crystals, 23 oz.; sodium carbonate crys- 
tals, 334 08.; bromide potash, 8 gr.; water, 20 on. For use, add 1 oz. stock solution 
tod’ of. water. : 

‘Acetic actd is used to clear bromide prints after development end to stop the action 
of the developer, 16 oz. water to 1 dr. acetic acid, 

Yor fixing bromide prints use hyposulphite of soda, 1.02.; water, 6 on. A little 
alum added to the fixing bath in hot weather hardens the film. 

A bromide print may be made transparent by oil and usod for contact printing by 
artificial light, It will be better, thongh not essential, to secure a paper for nega 
tives thinner than that usually supplied for prints. 

‘The cycle of operations for quick reproduction by the bromide process is us 











‘From o tracing or transparent drawing make, say, 3 to 5 negatives. Make them 
transparentand start printing from all of them. "If the sketchers are in by 5.80. m. 
the negatives can be ready for printing by 7p. m., and after that prints can be 
‘turned out at the rate of 16 per hour from each negative. It should not be difficult 
to have all that are needed for the next day done by 9 p. m. 


8. Transfer processes.—With the h ht the drawing is made in a spe- 
cial ink and prestod face down on the surface of gelatin compound ia a metal pan. 
‘When the paper te pulled off the drawing appears reversed on the gelatin surfs 
‘A ploco of blank peper pressed on the aurface and then withdrawn shows the draw- 
ing direct in purplish lines. Fifty to 100 impressions may be taken, Each print is 
covered with a thin film of the compound and fe sticky, curly, aad very stubborn, 
‘The process is at best only a makeshift, but it is the easiest of all to tmprovive, and 
the simplest to operate. For quick work several pans should be provided, as each 
must be washed after use and should not be uséd again until well dried. 

















‘The hectograph compound 1s made of — Parts, 
Glue or gelatin 00 
Glycerin —_--__7-— 400 





rater. 400 

Kaolin, 50 parts, or some fine inert light-colored powder, be added with 

advantage. The ingredients require prolonged mixing at 200° B., which is best 
obtained in a salt-water bath, 2 oz, salt to 1 pt, water. 
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‘The ink is made of — 





‘when the copy is laid emoothly on face down and rabbed to a. good contact through 
out, eliminating all air bubbles. The paper is allowed to remain two or three minutes 
and then removed by starting one corner and pulling parallel to the surface. ‘The 
tects for impresions are put on and removed in the'semo way, except that they 
fre left on but a few seconds. 


With the black autocopyist the drawing is made in a special ink and transferred 
tos parchment sheet held in a special frame. ‘This process is free from some of the 
objections to the hectograph, but it is more difficult to work. The copies are in 
printer's ink, are permanent, aud very satisfactory. 


85. Landscape sketching.—Free-hand sketching can not take the place of topog- 
raphy, but it isa valuable adjunct and should be practiced by every soldier, who has 
any aptitude for pictorial drawing. 

A sketch differs from raph only in that it shows in sharp outline a limited 
number of the larger and characteristic features easily seen and understood, while 
‘the photograph shows all details, many of them eo minute that they are lost in a mass 
of confused forms, with the form lines, other than the sky line, relatively incoa- 
splcnous. All the'lines of a perfect sketch exist In « photograph, but close scrutiny 
is often necessary to find them. If sought out and traced, however, a perfect sketch 
results. Tracing from photographs is excellent practice, 


‘The outtit for field sketching should be as simple as possible. _A sketchbook with 
2 canvas cover, carried ina water-tight cao, together witha few lead pencils BF, 
‘and H, and pieces of soft and hard rubber are the essentials for satisfactory work. 
For active field work the book should be no wider than can be carried in the pocket 
of a service blouse, and relatively long, say 5 by 9 ins. 


The point of view should as « rule be bigh enough to give « comprehensive 
resp ofall that ig important—a rock, « knoll 8 hill, « peak depending upon the 
Conditions. Face toward the middle of the fleld of view which is determined upon. 
Hold the board or sketchbook vertically before the eye and move it backward or for- 
ward until the sheet just fills the fleld. Lower the board until the aky line of the 
hills can be seen above ita top edge, and with pencil mark on that edge the points 
corresponding to the principal ealients and reentrants of the bill forms, If destrable 
the board can be moved sideways far enough to enablo the principal heights and 
depressions to be marked on the vertical edge. By intersecting references the laca- 
tions can then be easily established on the sheet. From these points the forms can 
be sketched in with much greater accuracy. 

Proceed next to draw the bills in outline, but faintly, with attontion to the arpar 
carves or bumps at first. Go over them again with more care, bringing out 
small regularities. If any pat of the horizon is visible draw i lightly, and then 
complete the general mass of bills by drawing the water or baso lines. Seek now for 
the surface character of the hills by tracing the ravine lines. The knobs and foothills 





























which 


The road and railroad meanders should follow as a rule, and the fences of the 
fields, Cultivated tand is rendered by parallel irregularly broken lines, Houses, 





fortifications, trenches, etc, will be drawa more or less in detail according to dis: 
tance an importance,’ Enemy’ lines or trenches oven at & great distance be 
strongly marked by simple black lives. The indication of forests and trees Is the 


most dificult feature for students. The indications given in the accompanying 
sketches will show the treatment in outline work.” 


Figs. 39 and 40 show a variety of forms sufficient for most localities. 


Reconnaissance. 
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rarely necomary. Persons who are not akiled draftamen should not attempt plto- 
rial effect, as it will detract from accuracy and clearness without substituting anything 
of equal value. 

Avoid unnecessary haste in plotting and drawing. If possible, take time to 
check carefully all azimuths and distances plotted and be sure they are exact. The 
should be no approximation on the drawing board, Although an observer may ha’ 
simply guessed a distance to be 650 yds. in the absence of other information, the 
plotter should be careful to lay it down at exactly 650 yds. 


Start with clean paper and keep it as clean as possible In the office, wipe off the 
instruments before using, especialy ralers, scales, and triangles, Dust the drawing 
carefully before beginning work. Dust again when stopping and cover with a cl 
or paper. If necessary, dust the drawing and wash the hands occesionally while at 
work. 


Make all ink fines firm and very black. A drawing to be made in ink is 
usually drawn first in pencil, and in such cases a very hard pencil (4H or 6H) is best. 
If the pencil drawing is to be traced, a softer and blacker pencil should be used, but 
must be kept well pointed. 


India ink in stick form gives tho best results, but the time required for proper grind- 
ing precludes its extensive uso in military fleld work. The prepared india ioke in 
guid form are ready for use and are saiatactory. | They must be kept wall corked 
when not actually filing a pen. If the ink gets thick in the bottle eo that it will 
not run freely from a fresh-filled pen, add a little water. 


‘Tbe rullng, or right-line pen, figs. 42 and 43, is best for making lines of uni- 
form thickness, ‘The pointe must Ue kept clean, and when worn must be ground on 
‘8 very fine stone to the form shown and to exactly equal length. ‘The points may 
be cloned and the ends shaped together, which will make them identical. Then open 

1d each on the outside to a proper edge. Right-line pens are eet 
different thicknesses by the ecrew D, but the range for any one pen 
{s limited,and different sizos of pens are made. A very fine line can not be made 
with & coarse pen, and it is difficult to make a very broad line with a fine one. The 
points should never touch. If a Line made with the points slightly separated is too 
coarse, take a smaller peu. These pens are graded by the length over all. Five 
inches is a medium and useful size. 


Right-Jing pens may be filled by dipping an ordinary pen jn the ink and inserting 
{it between the points. A strip of paper closely folded may be used in tho same way. 
In the bottles Of prepared ink the cork carries @ small quill for Milling, Take only 
‘as much ink as can be used in two or three minutes. As soon as tho flow becomes 
the least sluggish, the pen should be emptied and refilled. To empty or clean the 
‘pen, pass a piece of paper (the corner of a blotter is excellent) between the points. 


‘The adjusting screw should aot be disturbed while working on lines of the 
‘same thickness. “When changing from one thickness to another, open the pen and 
clean more thoroughly. ‘To reset fora given thickness, draw a short length on a 
ferap of paper and Iny it alongside of w line of the desired thicknow, previously 
drawn. The difference will be seen, the pen can be changed and another trial made, 
‘and s0 on until the lines are matched. 

For ruled lines the ruler or curve fs laid in the proper position and the pen drawn 
along the edge, lightly pressing against it. ‘The pen should be held with the plane 
of its points perpendicular to the plane of ‘the paper and in the direction of motion. 
The handle should be slightly inclined in the same direction. For free-hand lines, 
‘as contours, hold the pen in the same way and move the hand so as to cause the 
points to follow the line. 

In ruling with a writing pen, choose one of size which will make a line of the 
required thickness without pressing on the paper. Dip the point only in the ink. 
1 tho ruler haa a boveled edge place it with the top projecting. A curve or a raler 
not beveled should be raised slightly from the paper. ‘The pen should not be inked 
‘above the point which touches the ruler. It is held as described for the ruling pen. 
‘Parallel lines clone together may be drawn with one setting of the ruler by inclining 
the pen alightly. 
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Writing pens are best for stream lines. When it can be done, vary the size of the 
pen to suit’the thickness of line. When using a writing pen free-hand do as much 
of the work as possible by drawing the pen toward the body in about the direction 
of the down stroke in writing. 

For lettering, sigas, and all free-hand work with the writing pen, keop the pan 
clean and freshly inked and the ink free from dust and of proper consistency to flow 
freely without dripping fram the pen in blots. y 

In using a circular pen, fg. 43, set the logs of the compasses co that they will spam 
the Hight distance and the pen point will be vertical, ‘The, lead of & pencil point 
should be sharpened to the shape of the ruling-pen points with the flat side toward 
the pivot leg of the compasses, When using compacoes with peo or pencil incline 
‘them slightly in the direction of motion and rotate the head between the thumb and 
forefinger. Very slight pressure only should be necessary beyond the weight of the 
instrament. 

Fig. 46 represents the most convenient instrument for measuring the length of 
gorved or broken lineson amap. The small wheel is run over the line and its length 
in the unit of the instrument is read from the dial. ‘This length is converted into 
‘actual length by the scale of the map. 


—Manila paper of cream or buff tint, usually called detail paper, 
sketches and drawings which are to be traced or used in the field. 
the better grade stands erasing and that imperfectly. ‘This paper comes in rolls 36, 
42, and 64 ins. wide. It may be ordered by the pound or yard. 

‘White drawing poper may be had in rolls or sheets mounted on muslin or 
unmounted. Whatman’s cold-pressed fine-grain is most generally useful. It comes 
in sheets of names and sizes a8 follows: Royal, 19 x 24 ins.; Imperial, 22 x 30 ins.; 
Double Hlephent, 27 x 40 ine; Antiquarian, $1 x 68 ins. Roll papers'are 21 to 68 
ins, wide. 

Sheet pepers unmounted and kept flat are best for field topographical use, 


93. Ifa blot drops on the drawing take a piece of blotting paper, tear a corner or 
edge to oxpose a freati surface, and hold it in the blot without touching the drawing 
‘until the surplus ink is absorbed. Then press a dry blotter firmly on the spot and 
let it dry thoroughly before attempting to erase. A plece of newspaper may be used 
Instead of bioting paper, but should be slightly molatened to hasten the absorption. 
For a large blot several pieces may be required. 


94. Brasers for ink aro of steel or rubber. A steel eraser or penknife must te 
very sharp to give good results. An eraser of gritty rubber is most generally used. 
It is best to use an erasing shield of thin metal or celluloid, fig. 44, which exposes 
the area to be erased through one of the openings and protects the reat. 


95, Tracing linen is usually dull back, having one side glazed and the other dull. 
Erasing can be done on the glazed side only. ‘The glazed side fs used for ink and 
the dull side for pencil work. ‘The glazed side requires preparation before uso to 
Temove excess of paraffin, which prevents ink from running well and clogs the pen. 
Rubbing hard with fresh blotting paper is the simplest method. 

‘Tracing paper is alike on both sides. It will not erase. Most varieties are leas 
transparent than tracing cloth. 

In tracing it is helpful to use a dull-pointed instrament in the left band—e stylus 
or top ofa penholder—to press the linen againat the drawing at the point where the 
pen is resting. 


























ADDENDUM, 1907. 


56a, A handy device, easily improvised, for attaching a compass toa book or other 
object to orient it for uso as a plane table, has been proposed by Lieut. E. K. Massee, 
Seventh Infantry. It is shown in fig. 60a, ‘The material used should be non 
magnetic. 


__ Reconnaissance. 
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9%. Conventional signs.—Tho symbols or signs used to represent topographical 
feataren are desigued to be rapidly made and rvilly understood, and to rssmble ot 
the actual features they represent. Multiplicity of signs is not desirable, 
'e verbal designation or description of the features is often more intelligible and 

‘more quickly recorded. For instance, it is better to write the names of the growing 
‘crops of @ district, as tobacco, corn, or cane, than to cover the entire area with 
symbol. Another method of expediting mapping is to surround an area with 
‘8 narrow border of the proper sign and leave the middle blank. 

‘The commonly used signs are given in figs. 48 and 49. See also par. 96a, p. 128: 

97, Titles, notes, ete.—Every finished drawing should have a descriptive title, 
consisting of — 


1) ‘Tho designation of the organization under whose auspices it s made, as Engl= 
ay ve oo is Biviskes 








meer t; Bureau of Insular Affairs, War meat ; 
of the Philippines; 1st Division, 2d Corps. 
(2) Its kind, as map, sketch, plot, plan, profile, section, or elevation. If 


amore then one kind of drawing appears on the sheet, each should be mentioned in 
the title, as Plan and sections of battery; Plan, section, and elevations of 
guardhouse, etc. 


(3) Its subject, if it relates to a particular object, feature, or purpose. 
(4) Ita locality. ‘This and the preceding may be interchanged in position. 


(5) Ita sources, as Compiled trom, etc.; Reduced from, etc.; From a sur- 
vey, etc. 

(8) Its suthorship. If the work has been done by one person, acting under the in- 
structions of another, both should be named, as under the direction of Colonel Jobn 
Doe, General Staf, by Captain William Roe, 1 U. 8. Infantry. 


(1) Ita date, 
(8) Its linear scale; its contour interval; its scale of slope equivalents. 


‘Titles should be adapted in size and boldness to the size and importanco of the 
sheet. They should be divided into lines, following mainly the divisions just stated. 
‘The middle letter of each line should fall on a line drawn vertically through the 
aalddle of the space allotted to the title, Lines should be alternately long and short, 
‘and if tho long lines are symmetrically disposed, the effect 1a better. 

To prepare a title, write down the matter under the various heads, with proper 
connecting words, and divide it up into lines. Then block out the title, observing 
the division of lines decided upon, and make such alterations as seem desirable. 
Finally, letter the title on the map.” The following is an example: 

Division of the Philippines. | Sketch map | of tract of land northeast of | Zam- 
Doanga, | Island of Mindanao, | showing the location of @ | cantonment 
of U.8. troops. | From a reconnaissance by te it. A... B_..., | Chief Engr., 
Department of Mindaneo, | Jan. 10,1004, | Beale” | Gontour interval, 20 ft 


Notes.—Besides the title, such information as will help to a proper understanding 
of the meaning and value of the map should be given in the form of notes. ‘These 
‘usually relate to methods used in the survey, datum points, etc. 


Fig. 60 shows the title corresponding to the above example, with notes. 


Meridian.—The magnetic meridian should be shown, and the true meridian also 
4f the declination is known. The true meridian may be a line, of 8 ins. or upward 
in length, with a star at its north and the featherof an arrow at its south end. The 
‘magnetic’ meridian may be an arrow crossing the former at the middle point and 
making with it an angle equivalent to the declination. 


Border.—The drawing should be inclosed in a rectangle, preferably with its sides 
N.and 8, and E, and W. The border consists of two parallel lines, the inner one 
‘medium fine, the outer one medium heavy, with  spaco between thom equal to the 
Tidth of the outer, |For geographical ‘@ double border is used, with space 
between sufficient to contain the numbers of meridians and pariles. 
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DIVISION orte PHILIPPINES. 


SKETCH MAP 
OraTRACTor LAND Nortueastor 


ZAMBOANGA, 
ISLANDorMINDANAO. 


Showing theproposed location ofa 
CANTONMENT or U.S. TROOPS. 


Fron A RECONNAISSANCE BY 


Captain A__B__ 
Curer EvorDe ror MiNDANAQ. 


Jan.15, 1904. 


ScaLe: 
a 
Contour lnterval 20° 
cL 2S AT 


Nore Elevations are above mean Luat 
QM. wharf in Zamboanga. 
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Lettering.—Names and figares relating to points on the map should bemade 
parallel to one side. Names and figures relating to extended features of large areas _ 
‘tre disposed slong the feature or across the area in straight or curved lines. 

Ornamental lettering should be avoided. A plain unshaded letter is best. All 
needful variety of effect and prominence may be obtained by the size, spacing, 
eight, and inclination of gueh letters and the larger initials for important words, 
Fig. 61 shows the style of letter described, upright and inclined—neually called 
italic—with normal, condensed, and extended spacing. Fig. 51 A is a scale for spac- 
ing letters and determining the length ef given line. scale gives equal space 
to all letters, which is not etrictly correct, but is simple and does well enough for 
present purposes. It fs the method necessarily employed in typewriters and the 
eye is accustomed to it. 

For ordinary or normal lettering the height of letters is the width of the letter 
‘space in the second line below that adopted for the widths of the letters, fg. 51 A. 

For condensed lettering take for the height the space in the third or fourth line 
below; and for extended letters make the ‘height qual to the width or take lt from 
the firat line below. 


A very good effect may be obtained by the exclusive use of capitals. The small 
letters require one-half the space of capitals in the same line. They are not #0 easy 
to make well as the capitals, but can be made more ‘end look better on the 
face of the map. A very good general rule is to use inctined letters for all names 
and words on the face of the map which relate to water and upright letters for those 
which do not. 


98, Enlargement and reduction.—The simplest method is by squares. Divide 
the original into squares of 2 ins. or iess by lines drawn parallel to the borders, fig. 
62, Divide the paper on which the copy is to be made into squares with sides cor- 
responding to the same distance on the scale of the copy that the side of a square on 
the original itself does to the scale of the original, fig. 08. If a platting scale of the 
original be placed on the side of a square on tho original and the plotting scale of 
the copy on the side of & square of the copy, the readings should be the same. The 
‘square on the copy will be larger if the drawing is to be enlarged and smaller if it fs 
to be reduced. The ratio between the sides of the squares on the origins! and the 
copy is the ratio of reduction or enlargement. ‘This ratio must not be confused with 
the ratio of areas of the two maps, which fs different and not important. 

Select # square of the original and reproduce its contents in the corresponding 
square of the copy; or take @ feature of the original, as a road orstream, and trace 
{te course through several squar: 

Usually the position of a point in. square or on one of the sides can be etimated 
with sufficient accuracy. Important potuts may be located by measurement of dis- 


























tances from the nearest sides of the squares, using the scale of the map and the 
scale of the copy respectively. 


may be drawn on tracing 
4 ‘hed to form the squares. 
Every drawing board should havea scele of inches on each edge marked with fine 
saw-cuts or with small tacks to facilitate the drawing of squares. 





99, To measure an irregular area,—Lay over the area a piece of cross-section 
tracing paper, fig. 64. Count the full squares inside the area and to thefr number 
‘add the sam of the estimated fractional ones. In the figure the fractional squares 
to be added aro shaded, Multiply the equivalent number of full squares in the ares 
by the area of one square to the scale of the figure. If the scale is 600 ft. to the 
Inch=250,000 aq. ft. to the eq. in., and the squares 7 of an inch on one side, then 
the area of one square 1s xy of a sq. in., and its value to the scale of 600 ft. to 
in, =2,500 eq. ing.=17.369. ft. The number of squares counted, multiplied by 17.38, 

‘the number of square feet in the area. 

11 the scale i dlatorted, the ares per n,n of the drawing is found by maltipiying 
the ocales together. Thus, in a profile plotted to a hor. scale of 600 ft. to 1 in. 
8 vert, scale of 10 ft. to 1 in., the area of a aq. in. of the drawing is 600 X 10 = 8,000 
fq,ins. On such a profile « square of zy in. on 8 ide, or xby in. aren, correspond 
080 oq. ine, 
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100. Verniers.—A vernier is an auxiliary scale by means of which the principal 
scale can be read more closely than can be shown by actual subdivision, 

Consider AB, fig. 55, a8 part of @ scale of equal parts. Construct the au: 
scale or vorator OB, the total length of which is equal to 9 of the smallest divisions 
‘of the principal scale, but divided into 10 equal parts instead of 9, which makes each 
division of the vernier jf the length of the division of the acale. 

‘When the zero division of the vernier, indicated by an arrow, is coincident with 
division, as 31, of the scale, the roading is 31 and it is obvious that the first division 
of the vernier is to the left of 32 in the scale by 7 of the distance between $1 and 
82. Similarly, the second, third, etc., division of the vernier is 2, 3, etc., tenths to 
the left of the 33, 34, etc., division of the scale. To make any division of the vernier, 
‘as 2d, 3d, 6th, or 8th, coincide with the division of the scale next ahead of it, the 
vernier must be moved to the right 2, 3, 5, or 8 tenths of the length of one division 
of the soale, and the arrow will then be opposite s point on the scale 2, 3,6, or8 
tenths of the distance from 81 to 82; or at 31.2, 31.3, 81.5, or 31.8, The quan 
tity obtained by dividing the value of one division of the scalo by the number of 
divisions of the vernier is called the least count of the vernier. But one inter- 
‘mediate vernier division can coincide with a scale division at the samo time and the 
number of the coincident vernier division, counting from the arrowhead, is the 
number of times the least count must be added to the last scale division passed by 
the arrow to get the true reading. 

To road any vernier, noto the value of the last ecale division by the zero of 
the vernier and tot add the least count multiplied by the number of the coincident 

vision. 

















rection in which the scale graduations Incress 
‘Verniers may also be constructed by dividing the length of a certain number of divi- 
sions of the scale, as 11, into equal parts one less in number, as 10, ‘The principles 
of operation and ‘method of reading are the same, except that the coincident line 1s 
to be found behind the zero of the vernier, or in the direction in which scale gradu- 
ations decrease. This form is called retrograde. It is but little used. 

If the scale is graduated in both directions, as is often the cass, the vernier is 
doubled, the zero in the middle and each side forming a direct vernier for the grad- 
uations increasing in the same direction. This form is called double direct, fg. 66. 
‘The most compact form is that shown in fig. 67, called the folded vernier, in which 
the graduations are numbered from the middie to one end and continue from thi 
other end to the middle. This is read as a direct vernier in either direction. If the 
coincident line is ahead of the middle or in the direction of increasing graduation, 
take its number from the middle as zero. If it is behind the middle, or in the direc: 
tion of decreasing graduation, take its number from the nearest end, counting the end 
line as numbered on the vernier. 

‘Verniers aro also constructed on cylindrical surfaces, fig. 68, and on conical sure 
faces, fig. 69, ‘The principles and method of reading are the same for all. 























ADDENDUM, 1907. 


90a, A quick rough test as to whether an intermediate point obscures the view 
between two other points may be made by setting up at three points on the map 
pencils or other suitable objects having the co1 ding elevations marked on 
them on a convenient assumed scale. Sight, or stretch a thread, along the pencils. 
If the middle mark {s above the line joining’ the other two, each of the two extreme 
points is invisible from the other. Ii the middle point 1s’ below the line, each ex- 
treme point is visible from the other. 














ADDENDUM, 1909. 


1a, The statement in paragraph 91 of former editions that vinegar may be used 

to thin prepared india ink is erroneous. The effect of vinegar is to precipitate the 

coloring matter, Water may be used with satisfactory results, or spirits of ammonia 

A quicknem of drying is important, Glycerin i recommended, but ts use ls Likely 
lay . 
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101, The engineer's transit.—This instrament is shown, and the names of its 
indicated in fig. 60. To uso the transit, set up the tripod, the legs extendh 
Rerenough to give stable base and so as to make the top surface of the head hort: 
‘zontal or nearly 80. On level ground the logs will be equally extended. On inclined 
round, the leg on the lower side will be straighter and the others more inclined. 
move the cap from the tripod and screw on the instrument in its place. Hang 











more pressure of the screws against the plate than is necessary for a firm bearing. 
Ita screw turns hard at any time it is either sprang or bas been set up too tight 
In turning a pair of leveling screws always move the thumbs toward each other or 
‘way from each other. ‘The bubble will follow the motion of the left thamb. 

‘With the level bubbles in the centers of their tube, the plate will be level if the 
bubbles are in adjustment. Turn the transit slowly in azimuth and watch the bab- 
bles. If they remain in the centers, the plate is level and the levels are also 
correct. If either bubble leaves the center, the amount of its motion fnifcates the 
‘amount by which it is out of adjustment. if the amount is small it may be nog- 
lected; if large, the adjastment should be made as bereafter described. For short 
ines the level error may be neglected if the entire bubble remains in sight duri 
the entire revolution. Adjust the leveling screws in this case eo that the travel 
the bubble will be equal on both sides of the center. 

Having leveled the plato, draw out the eyepiece until the cross hairs are clearly 
defined. Tho instrument is now ready for use or adjustment. Adjustments should 
be invariably made in the order in which they are described. 


1st adjustment.—To make the axes of the plate levels perpondicular to the axis 
of the instrument and therefore parallel to the plate: 

Having set up and leveled, clamp the Ilmb and revolve the plate 180°, If either 
bubble recedes from the middle of its tube, bring it back by raising the lower, or 
depressing the higher end, one-half by the main leveling screws, and one-balf by'the 
‘mnall screws which fasten the level to the plate. Again revolve the plate 1 
if the bubble still recedes from the middle, correct the error as before and repeat 
the operation until the bubble does remain in the middle in both positions of the 
plate, When the adjustment is complete, both bubbles will remain in the center 
with the plate in any position, 


24 adjustment.—To place the intersection of the cross wires in the straight line 
through the optical center of the object glase and perpendicular to the horizontal 
‘axis of the telescope: 









































of the eyepiece. Such displacementiis called parallax, and indicates that the {ms 
{ not exactly in the plaue of the crona wires Move the object. glase by ita thumb 





Unclamp the plate and lay the intersection of the wires upon the middle of » pin 
200 or 300. distant; clamp the plate; plunge the telescope, that is, revolve {t about 
{ts horizontal axis, and havea pin driven at the same distance from the tranalt #0 
that ite middle shail be seen exactly at the intersection of the cross wires. Revolve 
the plate 180°; clampand lay exactly upon the middle of the first pig. Again plan, 

° ie 














the telescope and look at the second pin. If the intersection strikes 0 
the adjustment is correct, but if the pin appears to one aide of the intersectios 
it back one-quarter of the way by the side reticle ecrews, turning one in as the other 
is turned out, If the instrument 1s erecting (most transits are) loowen the reticle 
serew on the side toward which the wire should move in the field and tighten thb 
ther one,” imering, tara the other way, | Repet the proces until the ping are 
cut exactly in tho mi out reference jon of transit or telescope. 

adjustment will then be correct. Pont ™ 
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‘he primary division nearet the top of the rod and the graduations counted down 
shonld be of light, straight-grained, well-scasoned wood, 12 to 14 ft. 
Tong, ins, wide, and % tn. thick, dressed smooth all around, and covered with two 
coats of white paint. 

To ite the rod, sot the transit up over a point, and from the point meas- 
ure offa distance in round hundreds of foot oo that at that distance somewhat more 
than half of the rod falls between the stadia wires. Set the top wire near the top of, 
the tod, and have the point where each wire cuta the rod carefully marked. Meagure 
the distance between the extreme marks and divide it by the number of hundreds of 
foot in the distance of the rod from the t#usit point. ‘The result is the length on 
the rod corresponding to 100 ft. Lay this distance off on the rod, beginning near 
the top and repeating to the bottom. Divide each 100 ft, space secording to the 
ftyle chosen, and mark the graduations, All distances read on thin rod, except the 
one at which tho length of graduation was found, will be slightly in error; those 
Tees, too small; and thove greater, too large. 

A'rod may be 00 graduated as to be practically free from error. ‘Mark the zero 
near the top of the rod. Set tho rod up at say 100 ft., bring the top wire to the 
zoro, and mark the bottom one. Carry the rod to 200 ft., and repeat the operation. 
Continue at intervals of 100 ft. until tho full length of the rod falls between the 
wires, Each of the marks corresponds to the distance at which it was made, and 
fhe apace between it and the next, to the corresponding 100 ft-interval.” The 160 ft. 
divisions are not exactly of equal Yength, and each must be divided into equal parts 
and marked, In using this fod, the top wire must be always at the top of the rod, 
‘and tho same ond of the rod slways up, or error will be introduced, For 1 
distances the reading from the top to the middle wire may be taken and mualtipli 
by the ratio of the fail to the partial interval. This ratio should be determined with 
care and may be utilized to secure a reading when all the rod can not be soen and 
‘which would otherwise be lost. 


‘The stadia is used in connection with a transit with vertical limb, or a plane table, 
By reading a stadia rod through either instrument and noting the nt and 
azimuth at the same time, a point may be completely determined both in position 
‘and elevation at a single observation. ‘The distance measured {s along the gradient, 
‘and may be reduced to the horizontal if desired, by Table XII. The elevation ts 
obtained from Table III. Before reading tho vertical circle, depress the telescope 
until the middle wire is on a rod graduation at the same distance from the bottom 
that the telescope is above the station or the ground. 

‘These instructions will introduco some error if the rod {s always held vertical. Tt 
‘amounts to 1% of the distance for a gradient of 8°; 2% for 11°, and 8% for 14°. In 
rough country, giving important sights et-gredients of more than 6°, it will be 
otter to attach a. short poi Tod perpendicular 10 its face and at about the 
height of the rod-holder’s eye. If the rod holder aims this pointer at the instrament 
when the sight is taken, the rod will always be perpendicular to the line of aight, 
and the method of reduction explained will give results free from this error. 

A scale of oqual parte, sea level rod, may be used instead of specially graduated 
stadia. ‘Take two caretul readings, at say 100 and 200ft. Their difference is the 
true reading for 100 ft. Divide 100 by the reading. The quoticnt is a factor, 
which any othor reading may be multipliod, and the product will be the co i 
ing distance. Example: If the readings on e level rod are 1.16 ft. for 100 ft., 2.29 
ft, for 200 ft. then 2.290—1.15=1,14 ft. tho true ‘reading for 100 ft, 100+1.14—88++, 
which is the reduction factor, Any reading on a goale of equal parts with this tele- 
Scope, multiplied by 88-+ is the distance of the scale from the instrument in the unit 
of the scale. 


105, Engineer's level. —This instrument fe shown and its parts indicated in fig, 
65, To uso It, sct up and focus as described for the transit, except that, as there 
but one level,'the telescope must be turned in the direction of one pair of le 
screws and leveled, and then turned in the direction of the other pair and level 
again, The second leveling may disturb the first, which should be retested. 
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106, Use of the level.—The first sight to any point is the fore sight (F. 8 
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[petadiiaed tga 8 8. The plan of reference foreach narameot salon ithe 
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A-Index glass. D-Vernier clamp. 
B-Horizon « E- tang. screw. 
CArc. G- Reading glass. 
V- Vernier. 
T-Telescope. 


B-Alidade. 
C-Telescope. 
D-Vert. circle. 
E-Vernier. 

F- Level. 
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decimal point after the first significant ire, and the other the figese t, alone, 
followed or preceded by one of more ciphers’ * 
‘Thus 3.76 X 1000 log. 
3.76 X 100 Ig. 
3.76 X 10 log. 


3.57018 
2.57618 
1.57518 








376 X1 ” log. = 0.57518 
3.76.X 0.1 log. = 1.57518 
3.76 X 0.01 log. = 2.57618 
8.76 X 0,001 log. = 8.67618 


‘The log. of the constant factor, 3.76 in the above example, ts always a positive 
decimal fraction, and is called the mantissa, ‘The log. of the variable factor ta the 





tive, and one greater than the number of ciphers immediately ¢ 
Procoding, If the characteristic Is positive, 
the log iss mixed number, and may be treafed as such in addition, subtraction, 





If the characteristic is negative, the log, fs not « trae mixed number, and 
special treatment is necessary. A negative characteristic may be considered as 
composed of two numbers, one negative and the other positive. ‘The positive num- 
ber, prefixed to the mantissa, forms © mixed number for arithmetical operations. 
‘The positive and negative parts may be simultancously increased numerically by the 
same number without altering the value of ths log. 





‘S.a2st = $ + 0.9281 
= 74 14281 
= 5 + 24281, ofc, 


For example, to multiply 4.7265 by 4. 
7+ 0.7265 
=—_ 

“F 2.9060 = 14,9060, which is the required result. 


‘To subtract 1.8482 from §.1329 = 4 + 1.1829. 
441.1829 
1+ 0.832 


3+ 0.2007 = S.s007. 
‘To divide 3.2368 by 7, 2.0968 = 7 + 6.2308, 
146.2868 £4 oem = Lat 





In this case the number added to the minus characteristic should be just enough to 
make it exactly divisible by the divisor. 

In the logs. of circular functions a characteristic fs given iu the tables which is 
Iarger by 10 than the true characteristic. ‘These logs. may be used by the above rule 
by prefixing 1 toeach, ‘Thus the log. sine of 21 min. as given in the table = 7.78504. 
Tho true log. is 10 + 7.78594, or 9.78594, ‘Those who are familiar with the use of 
‘these logs. perform the operation on the 10 mentally. The inexperienced will do 
well to write them out in full. 
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111, Explanation of the table.—Table XIII gives to five decimal places the 
common logs. of numbers from 0 to 990, directly, aud by interpolation trom 0 to 
9999. If the jog. of a number larger than 10000 is desired, factor itand take the sum 
of the loge, of the factors, ‘Thus, log. 99225 = log. of 75000, plus the log. of 1.323 = 
4.87506 + 0.12156 = 4.99662. Or, convert the number into a mixed number less 
than 1000 and find its log. ‘Thus, log. 992.25 = 992 + 34 dlfl. between 992 and 993 = 
$9602, which is the manties for 90205. 

In the table the logs. of 2 to 9 inclusive are found at the topsof the columns. For 
numbers above 10, the first two figures are in the first column, the 8d at the tops of 
the columns, and the 4th ie interpolated. ‘The right-hand column contains the aver- 
‘age difference in each line between logs, in successive columns. For the ath place 
multiply yy of the difference on the same ne by the 4th figure, and add the product 
to the log. of the first three figures. Thus: 

To find the log. of 4827, look for 48 in the left-hand column; follow the line to the 
column headed £, and take out the mantissa .68904 for the namber482, In the right- 
band column on the same line is the difference 90, vy of which, 8, multiplied by the 
4th gare 7, = 63, to be added to the log. of 48%, making the mantless of 4827 = 
68367. ‘Tho characteristic is $ or 1 less than the number of places of integral figures 
in the number, hence the complete log. of 4827 is 3.68987. 

‘When the difference exceeds 200, if close resulta are desired, use the differance ob- 
tained by subtracting the number found for the third figure from that in the column 
for the next higher figure, 

‘The number corresponding to any log. may be obtained from the table by the 
inverse process, If the given log. is found In the table, the corresponding number 
conatsta of the two figures on the left of the line, followed by the one at the top of 
thecolumn, If the exact log. is not in the table, find the next one below and take 
out the three figures for that. ‘Tako the difference between the given log. and the 
‘one found in the table next below it and divide thie diff. by ¢y tho tabulated diff, on 
the line, Write down the quotient for the 4th figure of the Fequired number. 

‘Thus, to find the number corresponding to 1.49638. This is not in the table and 
the next below is 49554. The two figures on the left of the line are 31 and the figure 
at top of column is 3. Hence 313 is the number corresponding to 49554. The differ- 
‘ence between 49638 and 49564 is 74, which divided by 14 or z4 of the tabulated dif 
138 on the right of the line gives a quotient of 5 + to be set down aa the 4th figure. 
‘Hence the number required {s 0.8135, since the characteristic is I and therefore the 
significant figures are immediately after the decimal point. 

















ADDENDUM, 1907. 


‘4a, ‘The Engineer sketching case, model 1906 is shown inf. OTe p.98. Tt dirs 
from the type shown in fig. 26 in the form of the alide, which embraces the radial 
bar B instead of lying in the slot only and in the two concentric clamping screws O 
and C’; the former clamps the ruler to the alide, and tho latter the slide to the 
radial bar B. With both screws loose, the ruler can move in az. or along the bar. 
By setting screw 0, the ruler is clamped {n az., but may still be moved along the bar. 
By sotting scrow C? also, tho ruler Is fixed in position, it being understood that the 
‘clamping screw D, which ho radial ber in az., {8 also clamped. 

‘The new form has graduations around the edge of the compass ao that its stability 
may be tosted at any time, and it may quickly be reset if disturbed. Cases for pen 
eile are aleo provided in this new type. 
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‘Taste XII. 
112, Common logarithms, 1 to 999: 





No. 














Dit. 





2 





59217 
60314 


1384 
2428 
oad 
61443. 
5417 
66370 
67302 
8214 
69108 
69983 


‘70882 
71683 
72508 
73319 
14115 
74806 
75003 
76417 
TT168 
‘T7887 








67486 
68304 
60284 
016 


011 

















48855 


50242 
‘51587 
52891 
Ba1ST 
‘55888 
56584 
7749 
R883. 
50988 
61066 


ears 
esiid 
aL 
65127 
‘66086 
67024 
67042. 
68842. 
9722 
70586 


7433. 
72263 
73018 
73878 
74663, 
434 
76192 
70937 
‘77670 
78390 





8 BSSSRSSgese 


185 


BAAAALSSSS SRSRLSVES 
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118. Taste XIV—Common logarithms of circular functions: 





Are, 


Sine. 


Dit, 


‘Cosine. 


Dif.) Tang. 


| Die 


Cotang. 





° 
o 


sseaseeees gesnsanans seeseeeese SBRBRRRLBRE BSSISRKERS SBRIRRRBRAS -| 


Inf,neg. 











10,0000 
110.00000 
110,.00000 
10, 00000 
110.0000 
10,0000 

9, 99999 





Int. neg. 
6.46373 
T6476 
6.94085 
7.06579 
116270 
[24188 
30882 
38682 
T4197 
146373 
7,50512 
154291 
157767 
60986 





‘63082 
[66785 
‘6041s 
‘T1900 
174248 
16476 





12, 21405 
719884 
117454 
115606 


113838 
f1ai29 


80 


BERBERENSS SUSSLRELES SASSRESASS SASSTASISSS ~ 


Cn mencasm© 
































> 
3 











Taviil' X1V—Common logarithms’ of’ circular functions— Continued: 
































‘Are. | Sine, | Diff, |Gosine. |Dil.| Tang. | Dif | Cotang. | 
1 00) -s.2e1a5 | 729 730 or) 
or} 24903 | “718 718 89 
o2| 125609 | 706 708 
og | i260 | 695 695, 
o4| [20088 | 684 635, 
05 | ta7eo1| 073 613 
oc | [2824 | 603 663 
o7| S807 | 653 ot 
os | ‘29621 | ou 43 
09 | ‘30255 | 634 oat 
E 024 635 
616 et 
608 wor 
509 509 
500 sot 
583 584 
815 815 
508 508 
500 500 
558 554 
57 546 
39 540 
533 533 
56 52T 
520 620 
rar Bit 
508 508 
502 508 
496 496 
401 491 
480 435 
480 480 
44 a5 
0 469 
404 465, 
469 460 
455 455, 
450 450 
45 46 
41 1 
430, ast 
432 492 
es 38 
44 ah 
419 420 
416 416 
m1 42 
408 408 
404 404 
400 401 
06 307 
393 393 
300 300 
336 386 
32 383 
319 880 
376 316 
a3 313 
300 a0 
307 WT 
363 383. 
Dil. Bi 
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‘Tance XIV—Common logarithms of circular functions—Coptinued. 
‘Arc. | Sine. | Diff. | Cosine. |Dift.| Tang. | Ditt. | Cotang. 











2 00 | s.o4282| 363] 9.99073 || e.s4g0s | 303) 11.45002 60 
or -54642 :54e09 | 361) 145831 59 
cy ye5027 | 368] L44g73 88 
08 =| :begsz | 385 | 44618 87 
of C] vesraa | 352] laanes 8 
05, “| ‘5008s | 349 |S 43017 55 
08 “| ‘sei | 346) Lase72 oF 
7 “| ‘eerts | 344) Lase27 53 
08 “| lena) 341] laanse 82 
09 “| lovasz | 338 | l42548 51 
10 “| Teves | 336] Lapaz. 50 
u | s.osizt) 333) 1.41879 49 
a “| “lseas1 | 330) l4549 48 
13 “| ‘as779 | sas] ‘41220 47 
u “| Tea105 | a26 | 40895 48 
16 | ‘seqz8 | 323] Laos72 45 
16 “| soa7a9 | 321} 40251 “a 
ny “| ‘soos | 319] 9032 43 
18 “| leossa} 16 | 39316 42 
19 “| Seoes | sia] 

20 “| tetoos| sn}? 
a | 8.61319 | s10 
oy “| “Te1626 | 807 
23 a 805 
pr | 303 
25 301 
26 299 
a 297 
28 295 
29 202 
30 201 
31 289 
82 237 
33 285 
cry 384 
35 281 
36 280 
37 278 
38 276 
89 m4 
40 273 
4a on 
2 269 
43 268 
4 266 
45 264 
46 263 
a7 261 
48 260 
40 258 
50 257 
61 255 
62 254 
53 252 
64 251 
85 249 
56 248 
oT 46 
58 245 
59 pr 
60 243 
















































































‘tanta X1V—Common logarithms of circular functions—Continued, 

‘Are. | Sine, | Diff, | Cosine, Dit | Tang. | Dif, 

7 oF 

3 00 mae 243 60 
oL 240 pa 59 
e 239 239 58 
03 239 or 
of 337 237 56 
05 235 236 35 
06 234 BA ot 
o 232 2a 53 
0s 238 232 52 
09 230 231 51 
10 229 229 50 
u 228 229 49 
2 226 237 48 
3 295 226 a1 
4 235 235 46 
1B 298 4 45 
16 298 232 4 
a 220 208 43 
18 220 220 2 
W 219 219 41 
20 aii B 40 
a1 26 27 39 
2 216 216 38 
3 a4 215 87 
u 213 au 36 
25 212 a2 35 
26 au a12 4 
Fa 210 an 83 
28 209 210 32 
29 208 209 31 
30 207 208 80 
aL 207 206 9 
Ey 205 206 28 
38 204 205 2 
au 208 208 20 
3% 202 203 5 
36 201 202 a 
aT 201 201 3 
38 199 200 2 
a9 199 200 aL 
40 1st 198 20 
a1 at 198 | 11.19128 19 
2 196 ioe | 118032 as 
43 196 196] 18736 uv 
“4 it 195 S641 6 
45 18 aot} 118347 15 
46 192 13] 118164 uM 
aT ase qe] 17962 3 
48 190 iz} 217770 @ 
49 190 190} °17579 u 
60 189 igo | ‘17390 10 
BL 188 aso | 1117201 9 
62 187 188 8 
53 187 188 1 
ot 186 186 6 
55 185 186 5 
56 Te 185 4 
ST 183 1st Fy 
58 183 184 2 
59 181 182 x 
60 181 182 

Ditt. Cotang. | Dit. \ “Tong. \_Sse- 























‘Tacx XIV-Comiidn logarithms of circular Tatictions—Continuea, 

Are. Sine. 

40 86 00 
10 50 
20 40 
50 30 
i 20 
0 10 

5 0 85 00 
10 60 
20 40 
50 30 
Pry 20 
bo a0 

6 0 84 00 
10 50 
0 40 
50 30 
40 20 
50 10 

7 00 8 00 
10 50 
2 40 
50 30 
br 20 
to 10 

8 00 82 00 
10 50 
20 40 
30 80 
ao 20 
50 10 

9 00 81 00 
10 50 
20 ci 
50 30 
40 20 
50 10 

10 0 80 00 
10 50 
20 40 
80 30 
40 20 
50 10 

lL 00 79 00 
0 50 
20 40 
0 30 
40 20 
so) 3ns9 10 

12 00 | 9.31788 a8: 00 
10 +. 32378 50 
20 | ‘32960 40 
30 | 33534 30 
40 | {3n00 20 
bo | {34668 10 

Cosine, ‘Are. 
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‘Tata XIV—Commen logarithms of circular functions—Continued. 





are. 


Dit, 


Dit. 





ony 


SSS8S5S SSSESE SSSSSE SSSRSSS SSSSSE SSESSS SESS SSERSS SSERSS ~ 


Pi 


BSSEEE SESBEE Segeee 


0 


REESE SEBESE ZEPESE SEEEEE ZEEE 






222225 SEGRE SERRE Sceces LEeESAs seeaee eeeess 


i REREEE EeEeuE eggs eueees |F 


319 
317 


ee ee: 
EB BS 


an 





oy 

50 

0 

30 

20 

w 

oo 

50 

40 

80 

20 

ww 

00 

50 

40 

30 

20 

0 

0 

50 

40 

30 

20 

w 

0 

50 

0 

x0 

20 

w 

0 

bo 

40 

30 

20 

w 

on 

50 

40 

30 

20 

0 

oo 

60 

0 

0 

20 

10 

10, 23856 @ 

£23565 50 

‘28274 40 

30 

20 
com 





BESEER BESEES SEEEEE SSE: 





67 


aL 





























F 




















Are. Bir. 

o 7 7 
+40" 00 258 50 00 
[0 251 50 

20 ‘256 40 
30 258 30 
40 256 20 
60 255 10 
1 0 255 49 00 
10 255 50 
2 255 0 
30 255 30 
0 254 20 
0 255 10 
42 00 24 48 00 
10 254 50 
2 254 0 
30 258 30 
40 24 20 
0 258 10 
43 00 24 47 00 
10 258 50 
» 253 0 
30 258 30 
0 258 20 
to 258 10 
4 0 258 48 00 
10 32 60 
20 258 0 
80 258 30 
0 258 20 
60 252 10 
45 00 258 45 0 
Cosine. | Dig. | Sine. | Din. | Cotang. | Din. ‘Are. 
































114. The slide rule is a contrivance for using logs, mechanioall 
fig. 47, of a rule, in the middle of which is a slide. The of the 
iges of the le are graduated, forming 4 scales called A, B,C, and D. An indl- 
cator, which can be set at any point, guides the eye in selecting opposite numbers. 
The slide Tule deals with mantissas only. Characteristics must be obtained by 
sspection. 

To multiply .—Move the slide to the right until 1 on scale B is opposite the smaller 
of the 2 ‘nunpee on A; the number on Weppoctte the larger of the 2 numbers on B 
fe the product. 

To divide.—Move the slide to the le/t until the divisor on Bis under1lon A. The 
number on A opposite the dividend on B is the quotient desired. To multiply and 
‘divide simultaneously, or to solve » proportion, set the divisor on B opposite 
of the other numbers on A, The number on A opposite the 3d number on B is 
the result desired. 

To find the square of a number.—Take the number on A opposite the given 
‘mumber on D. 

To find the square root.—Teke the number on D opposite the given number on 
A. In taking square roots use only the left half of A, for an odd number of figure 
in front of the decimal point, and right half only for even number, 
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To fad a cube.—Set 1 on B opposite the given number on D. Th 
opposite the given eypber op B is the cube desired. 





ber on A 





operations 
above described. lar users will study the theory and scope of the rule from one 
Wile soverad weatied on te rabjece 
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Tama XV. . 
115, Table of squares, cubes, square rocts, and cube roots of x 
‘from i to 1,000; " 
No, |Square,| Cube, | Sq.rt. | Ou, rt. No.|Square.| Cube, | Sq. rt, 
1 1 ipa, ofa 61 zoo} 132661 
a} 8] 1.4142] 1:2590/] 62] 2704] 140608 
3 9 27| 1. 732t| 1.4492|| 63/2800) 14887 
4| 16 64| 20000] 1.5874 || 54] 2916) 157464 
i) 125} 2.2361] 1:7100/] 65] 3025] 166375 
6| 36 216] 2.4495] 1.8171] 56) 3138} 175616 
1] 49 343 | 2.6468) 1.9129/) 57) 3249| 185193 
8) et biz] 2.8284] 2:0000)) 58) aaa] ryote 
9) 81 729 | 8.0000) 2.0801] 59] 348i] 205379 
10} 100 1000] 3.1628] 21644 | 60) 3600) 216000 
un} it isa1| 3.s166| 2.2240] 61] 3721] 226981 
we) 1 i728 8. 4641| 2.2804] 62] 3844) zasse8 
13} 169 s197| 3.6056| 2.3513] 63] 3960) 250087 
14} 196 g744| 8.7417| 2.4101 | 64] 4096) -ge2tad 
15] 295 8875] 8.8790] 2.4082] 65) 425) 274625, 
16] 256 4006| 4. | 2.5108|) 66/4956] 287496 
ii} 389 4913| 4.1981] 2.6713] 67| 4480| —_soo763 
18) 328 6832| 4.2426| 2.6207 |] 68| 4624) 314432 
19} 361 6800 | 4.3589] 2.0684] 69] 4701) — gz8s09 
20) 400 8000] 4.4721] 2:7144|| 70/ 4900/ 343000 
a) aan 9261| 4.5826] 2.7589 /] 71 S01) as7911 
22| 484/ —10648| 4.6904] 2.8020] 72) sige) — s7az4s 
23/ 520 12167 | 4.7958] 2.8490] 73| 5329 389017 
24! 676| 13824] 4.8990] 2.8845 74) 5476] — 40su24 
25} 625] 15625] 6, | 2.os40| 75] 5625] 42875 
26| 676) 17576] 5.0900] 2.9625|) 76] s776| —agso76| 8.7178 
| 729) 19683] 5.1962] 3.0000 |) 77] 5929| 456593| 8.7760 
8] 74] -aia62| 5.2015] 8.0966 |) 78] cost! —a7ans2| 8. x318 
20) sai) 2480 6.3852 8.0723] 79] o24 9089 | 8. 8882 
30] 900) 27000] 6.472| 8.1072 |) 80} e400| —512000| §. 9443 
si] 961] go791| 5.5678] 3.1414) 1 eset] sais41| 9. 
32] 1024 ga76s| 6.6560] 3.1748] 82] o724| —551368| 9: 0554 
33] 1089 35987 | 5.7446) 3.2076 | 83] asso] 571787] 9. 1104 
81| 1156/ —39308/ 6.8910] 3.2396] 84] 7056} —s92708| 9: 1652 
35] 1225] 42876) 6.9161] 8.2711] 85] 7225] 614125) 9. 2195 
36] 1296 6. 86] 7396] — 636056| 9. 2736 
si] 1369 ¥ 87] 7569] 658508] 9. 3274 
cers as] Tia] osia7z. 
30 1621 oz] 704969 
40| 1600 100) 729000 
41| 1681 see) 709571 
42/1764 8464 | 77868 
43] 1849 s649|  804357 
44/1936, 8836] 830584 
45] 2025 9025 | 857875 
46] 2116 sais) 884736 
4i| 2209 409) 912673 
48| 2304 g6o4| 941192 
49) 2401 9801] 970299 
oo] 3500, 100001000000 





























s 
3 





¥ 


Bq. rt. 





SESE gegee | 











SEESE EFEEE EGESE BSESS BEERE BREE 


ina. 1776 
ha. a1e7 
4. 2478 
14. 9820, 
hia. 8178 





16.4910 


19007621 '15. 6242, 


(15. 5563 
N15. 588 


14526744 15. 6205, 


15.8525, 


16, 044 
hs. 7162 
6. 7480) 
hs. 7797 
6.8116 





# 


EE 


a 


& 


POPEP Peeee 


a S2882 G28 


ee 


ge 28 


eeeee 
2 Bae 


35 


s 


HH EE 


3 


a 




















SEE82 2828 


I 

‘15.8490 
15. 8745, 
‘16, 9080) 
[15.9874 
(16. 9687 


‘16. 
16, 0812 
16. 0684 
16, 0985, 
16,1245 


116. 1555 
|16. 1864 
lie. 2173, 
l16. 2482, 
hie. 2788 


Ine, 3098 
116. $401 
lis. st07 
lie. 4012, 
he. 4817 


116, 4621 
le. 4926 
16. 6227 
hie. 8529) 
6, 6881 


6, 6182 
6. 6483, 
ie. 673s, 
6. 7088, 
i. 7332, 


6, 7681 
he. 7929) 
Hi. 8326 
6. e523, 
16. 8819) 


6. 9115 
he. 9477 
16. 9708 
az. 

7: 0204 


h7. 0387 
17. 0880) 
7. 1072 
a7. 1404 
17. 1786 





& 
iJ 


eeese sesso 
8532 9858 


BRE 


Seeee 


LEH 


El 


B PSAPae saase 
aa. 
32088 


eee 


E 8 





Sdeee 
#83 
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‘Tame XV—Continued. 




















g 
3 


272097792 |95, 4558 
273359449 |25, 4705 
‘274625000 |25. 4951 


p 
a 
§ 
i 


‘340068302 [26, 4197, 
341532000 (25, 4386, 
‘343000000 28. 4575 


$ 
fs 
i 
E 
g 
i 





No.|Square| Cube. | 8g. rt. | Cu. rt. || No.|Square.! Cubs. | Sq. rt. | Cu. rt. 
601 | 961201 217081801 275804451 8, 6668 
s602| 362404 | 218167208 ‘277167808. 8.6713 
803 | 363609 | 219256227 278445077 8.6767 
604 | 304816 279726264 8. 6801 
(005 | 866025 | 921445125, 981011375. 8. 6845 
606 | 367236] 222545016 283300416. 8.0890 
07 | 368449 | 223648543, 289593303 8. 6934 
608 | 369004 | 224765712 2a4g00312 8, 6978 
‘609 | 870881 | 225866529 286191179 8.7022 
226981000 287496000 8.7066 
‘228000181 288804781 8, 7110 
299200028 290117528 8.7158 
‘230316807 ‘goaganaT 8.7198 
Paticars 292754944 8.7241 
‘32608375 2osoT9025 8.7285 
233744896. 1295408296 |25.. 8.7329 
‘3BASSHLI3 296740963 |25. 8263 | 8.7373. 
738020082 298077632 |25. 8467 | 8.7416 
237178659 299418306 |95. 8650 | 8.7460 
'820| 884400 | 238928000 | 300763000 |25. 8844 | 8.7503. 
a1] ss5e41| 230483061 302111711 |25. 9087 | 8.7647 
‘e22| Bs6ss4| 240601848 303464448 |25, 9280 | 8. 7590 
23 | 388129 | 241804307 04821217 |25. 9422 8.7034 
24] 380976] 242970024 306182024 |95. 9615 | 8. 7677 
625 | 390625) 244140625, 307546875 25. 9808 | 8.7721 
626] 3o1876| 245314376 908015776 }26. 8.7768 
627| 203129 | 246491883, 310288733 |26. 0192 8. 7807 
028 | 394984 | 247673152 311665752 |26. 0384 | 8.7850 
829| 305641| 248858189. 313046839 |26. 0576 8. 7803 
‘880 | 396900 250047000 314482000 |26. 0768 | 8.7937 
e31| s98161| 251289591 816821241 |26. 0900) 
682 399424 | 252435968 317214568 |26. 1151 
‘633 | 400689 | 253636137 818011987 |26, 1349, 
634 401956 | 254840108 {320013504 |26. 1594 
1635 | 403225 | 256017875 321419125 |26.1725, 
636| 404496 | 267250456 322828856 |26, 1916 
(687 | 405769 | 258474853, 324242706 |26. 2107 
‘638| 407044 | 250694072 825660072 |26, 2208 
630 | 4oss21 | 260917119 327082760 |26, 2488 
640| 409800 | 262144000 | ‘328509000 |26. 2679 
e41| 41081 | 263374721 829039371 |26. 2809, 
-e42| 412164 | 264000288 ‘e92| 478864) 831373886 |20, 3059 
643] 413449| 265847707 8.6812 | 693] 480249] 339812557 |20. 3249 
e414] 414786 | 267089984 8.6357 || aad] 481636] 334205384 |26, 3490 
646] 410025] aoesse125 | 8.6401 || 695| 483025] 335702375 |26, 3620 
646] 417316] 200586196 |25, 4108 | 8. 6440 || 696 | as4416] 937159536 26, 3818 
SAT] sono | 27o8i0023 ap. 4962) 8.6490] o97 | assaon| 838009873 28, doom 
8, 
a 


: 
i 
i 
i 
























































REOONNAISSANCE. 115 
Tasce XV—Contioned. 
No. |Square,, Cube, | 8q. rt.| Cu. rt.|/ No. |Square| Cubs. | Sq. rt. | Cu. rt. 
1 
901 | 811801 | 731482701 /30, 0167 ‘800085951 [30.8383 | 9. 8389 
902) 813604 | 733470808 /30. 0333, ‘862801408 (90, 8545 | 9: 8374 
903) 815400 | 736314327 |30, 0500 805523177 [30.8707 | 9. 8408 
904] 817216 | 738769264 |30. 0566, ‘868250664 |30. 8869 | 9. 8443 
‘905 819025) 741217625 /30. 0882, '870083875 [30, 9081 | 9: 8477 
906 | 820896 ) 743677416 |30, 0098 873722816 |80, 9192 9.8511 
907 | 822649 | 746142643 [30, 1164. ‘876467493 [30, 9954 | 9: 8546 
908 | 824464) 748613312 (90. 1330 870217912 40. 9516 | 9.8580 
900 | 826281 | 751080429 [30.1496 
910] 828100 | 763571000 [30, 1662 
‘911 | 829921) 766088081 [90. 1828 
912 | 831744 | 758560528 /30. 1908 
913 | 833500 | 761048497 [30. 2159, 
914 835396 | 763561944 (90, 2324 
915) #37225] 766060875 |30. 2400 
916] 839056] 768575296 (90, 2655 
‘917 | 840889 | 771005218 |30. 2820 
918) s4z724| 73620092 [30. 2985, 
‘919 | 844561 | 776161550 |90. 8150 | 
920) 846400] 78688000 [30.3315 
21} saszai| 781220961 /90, 3480 915498611 
‘922 850084 | 783777448 [30, 3645 918330088, 
923) 851920 | 780830467 /30. 3809 921167317 
‘924 859776] 788889024 [30. 3974 924010424 
925 | 855625 | 701453125 |30, 4138 928869878 
926] 957476| 194022776 |90. 4902 920714176 
927) 859329 | 796597983 [30.4467 
928| 861184] 799178762 30. 4031 
‘929 | 863041 | 801765080 /30. 4795 
990) 864900) 804357000 /30, 4959, 
‘931 866761 | 800054491 /30.5128] 9.7645 || 981 oxgoree 
‘932 so8624 | 809557668 |30. 6287 | 9. 7680) 982 ‘940066168 
933 | 870189 | 812166237 30. 5450 | 9.7715 | 983, ‘949802087 
934 | 872356) 814780504 (30. 5614 | 9.7760 || 984 ‘952763904 
‘935 | 874295 | 817400976 [30.5778 | 9.7785 || 985, 1955671626 |31. 3847 
‘936 | 876096 | 820025856 30.5041 | 9.7819 | 986 1958585256 |31. 4006 
937| 877969] 822656953 |30. 6105 | 9. 7854 || 987 ‘961504803 |81. 4168 
938) Bra844 | SU5UIB672 988 964430272 |B1, 4325 
930 | 881721 | 827936019 (30. 6431 989 1967961669 |31: 4484 
940 | 883600 | 830584000 [30. 6504 990 1970209000 [31 4643. 
941| sssas1| assza762t [30.6757 991 982081 | ora242271 [a1 4802, 
942.| 887304 | #3580688 '30, 6920 92 | 984064 | 976191488 (31, 4960, 
943 | 889249 | #3455 1807 30. 7083 993 986049 | 979140857 (31. 6119 
944] 891136) 811232984 (30, 7246, 994 | 988036] 982107784 (81. 5278 
945 | 803025 | 813008025 30.7409 | 9:8132|| 995 | 990025 | 985074875 [31.5436 
940) soso1s | 816590530 30,7571 | 9.8167 || 990 992016 sssor7o36 |31. 5595 
947 | 896809 849278123 30. 7734] 9. 8201 || 997! 994009 | 991028973 31: 5753 
948| sosTos | 851971392 /30. 7896 | 9.8236 || 998 | 996008 | ops011992 [31.6911 
949 | 900601 | 854670349 /30. 8058 9. 8270 || 999 | 998001 | 997002909 [31. 6070 
950 902500 | 857876000 |30, 8221 | 9.8905 |}1000 |1000000 | 1090000000 |31. 6228 
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116. To find the square root of « decimal fraction or mixed number trom 
the foregoing table, multiply by 100 or by 10,000 and find the product in the column 
of squares. ‘The corresponding number in the first column, with the decimal point 
‘one or two places to the left, is the desired root, 

For the cube root of « similar number, multiply by 1,000 or by 1,000,000, and 
find the nearest number in column of cubes. 'The co ding number in the first 
column, with the decimal point one or two places to the left, is the desired root. 

Examples: Required the square root of 5.246. 

‘Multiply by 100; the result is 624, which found in column of squares is opposite 
28 {a the colamn of numbers, Moving the decimal point one place to the left to cor- 
roopond with the multiplication by 100, gives 2.8 for the desired square root, to the 
first place of decimals and hence approximate only. Second: Multiply by'10,000; 
the result is 62,460, which foand in the column of squares 1s opposite 229 in the col- 
‘umn of numbers. ‘Moving the decimal point two places to the left to correspond to 
fhe multiplication by 10,000, the result is 2.29, which is the desired root tothe second 

‘Required the cubs root of 6.246. Multiply by 1,000, giving 5,246, which found in 
the column of cubes is opposite ‘the number 17'to the first column. Moving the 
decimal point one place to the left to correspond to the multiplication by 1,000, gives 








1.7, which is the juired cube root to one decimal place. Again, mul ing 
1,080'000 gives 8248 000; whch found in the column ct cabo istppocive fhe nutes 
‘174 in the column of numbers. Moving the decimal point two ‘to the left to 


‘correspond with the multiplication by 1,000,000, gives the number 1.74, which is the 
desired cube root correct to two places of decimals. 

‘To find the square root or cube root of « number than 1,000, find 
the nearest number in the column of equares of cubes and take the corresponding 
number in the first columa, which will be correct for the number of figures it con- 


For the fourth root, take the square root of the square root. For the sixth 
Foot, the square root of the cube root, ofthe cube root of the square root, “Higher 
roots, the indices of which can be factored in 8's and 2's, may be taken in the 
ame way. 


117. Circular functions.—Those most used are shown graphically in fig. 68. 
saa ete wt am he gooey ty 
the radius is unity, functions are called natural, as nat. sin, nat. tangent, etc. 
‘Their values are given in Table XVI for each 10’ of arc, The tabulated values are 
ratios of the several functions to the rdius, and if any length, expressed in any 
‘unit, considered as a radius, be multiplied by a tabular Tauraber, the result will be 
sbe.correeponding fanction of the circle of the given radius. The table gives values 
m O to 90°. F greater angles, use the following relations: Subtract the given 
sol rom 160207 SAO or eubiact 190° rom the angie an may bo volved. to eae 
seins Me ae eens 
is also that of the given angi a ne ote " 
Interpolation for values not in the table be done approximately by takin, 
ara Parana wees irae tae a 
289 40" asd cine BOS plus ¥4 of the difference between sine 
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Are, Sine. ‘Tang. Cotang. Cosine, 
o 7 e+ 
8 00 82 00 
10 50 
20 40 
30 30 
0 20 
50 10 
9 00 1 00 
10 50 
20 40 
90 30 
40 20 
50 10 
10 00 80 00 
10 50 
20 40 
30 30 
. 40 20 
80 10 
1 0 19 00 
10 50 
20 40 
30 30 
40 20 
60 10 
12 00 78 00 
10 50 
20 40 
30 30 
40 20 
60 10 
18 00 1 0 
10 60 
20 40 
30 30 
40 20 
60 10 
14 00 16 00 
10 50 
20 40 
30 30 
40 20 
60 10 
15 00 15 00 
10 50 
20 40 
30 30 
0 20 
60 10 
Cosine. Cotang. ‘Tang. Sine. Are. 
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Are. Sine. ‘Tang. Cotang. Cosine. 

16 00 | 2750374 8.487414 74 0 
10 | 2784324 3.449512 50 
20 | 2819951 8.412862 40 
30 | ‘2840168 8.375943, 30 
40 |  28eso92 8.940232 20 
50 | 2896887 3, 305209 10 

17 00 |. 2928717 3, 270862 73 00 
10 | *g9p152 3.237143, 50 
20 | ‘2979803 8, 204063, 40 
30 | 13007068 3.171594 30 
40) ‘3034788 3.139719 20 
50 |  a0ez92 8, 108421 10 

1s 00 | .3090170 8.077683, 72 00 
10 | lan7s22 3.047491 50 
20 | ‘3145448 3.017830 40 
30 | ‘3173047 2; 988685 30 
40 | 3200619 2, 960042 20 
60 | Bazsies 2.981888 10 

19 00 | .g255682 2.908210 1 0 
10 | ‘3288172 . 2.870997 50 
20 | Ba10634 2, 850234 40 
30 | ‘3338009 2. epag12 30 
40 | ‘3380870, 2.798019 20 
50 | {Sg9R862 2.772544 10 

20 00 |». 3420201 2.747477 70 00 
10 | {g4a7621 2. 722807 50 
20 | ‘sa74s12 2, 098525, 40 
30 | 502074 2674621 30 
40 | 13520806 2, 651086 20 
50 | 13556508 2 627912 10 

21 00 | .9583679 2, 605089 69 00 
10 | 3610821 2, 582609 50. 
20 | {ses7092 2. 500404 40 
30 | 1666012 2.598647 30 
40 | ‘a¢92001 2.617150 20 
50 | -719079 2, 495906 10 

22 00 | .3740066 2, 476086, 88 00 
10 | ‘3773021 2.454506 50 
20 | 3Te0044 2434217 40 
30 | ‘agesad 2414213 30 
40 | ‘3858003 2 go4dss 20 
50 | 13880518 2, 876037 10 
oo |. 007811 2. 356852 67 00 
10 | ‘gegso71 2. 336028 0 
20 | ‘s900798 2.818260 40 
30 |  ‘gos7491 2, 209842 80 
40 | 4014160 Z.2sies9 | 9168003 20 
50 | :40u0775 2, 263735 TOLs7247 16 

Cosine. Cotang. Teng. Sine. Are, 
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Bine. 


‘Tang. 


Cosine, 





BSS8S8 SSSSs3 SSSSS SSESSS SSSSSS SSESSS SSSSSs SSeyss ~ 
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8571673. 
18856855, 
18541564 


18495860 
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Are, 
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Are. Sine. ‘Tang. Cotang. Cosine. 
o7 or 
40 00 | 0427676 1.191763 7680444 | 60 00 
10 | ewoise 1184737 Teena 50 

20 | ‘estes Lrrrie0 ‘Teaso19 0 

30 | 6494480 1.170849 7604060 30 

40 | 6516572 1. 163976 17585136 20 
50 | 6538009 a1sT49 17566148, 10 

41 00 | 6560590 1. 150368 «1547008 | 48 ©0 
To | °6589516 1.143632 0 

20 | es04s86 1.136041 40 
30 | 6896200 1.130294 30 

40 | 6047969 1123690 20 

60 | ‘6e60861 17130 10 

42 00 | -, 6091806 1.10812 48 00 
10 | ‘6712895 1100138 50 

20 | lersaat 1.097702 40 

30 | ‘6755002 1.091808 30 

40 | ‘6777820 084055 20 
50 | ‘e798681 078642. 10 
43 00 |. ca19084 1.072368 47 00 
10 | ‘eeaiavo 1.086134 50 

20 | ‘esezai6 1050838 40 

30 | ‘eseso4a 1058780 30 

40 | 6004617 Totes 20 

60 | 6925630 1.041676 10 

44 00 |. co4ese4 1.095530 46 00 
10 | :6967479 1.029620 50 

20 | 6088315 1.028646 40 

30 | ‘7009003 1.017607 30 

40 | ‘toz9e11 1.011708 20 

60 | ‘7050469 1,006834 10 
45 00 | .Tom1068 1.000000 45 00 
Cosine. Cotang. Tang. Sine. Are. 




















- etree Fig. 69. 
: ean an a angle oppo to eof them, a8 3. 
an a Cm 1002 (4- 4 mo BGS, 
r PLR ate need to a meg exon ee, 


Sees ren 
1. Ome. 


eax sin. Om ax, 008, R=b x tang. Cj 
Sse f e " 
ain, 2% con, 0; sin, O= 2. 004, 8; 


4 ’ 
tang, B=! —cotang. 0; tang. rece B 


© rere a 
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Internet the opposite slde, protong the nda but do nétiaitade’ ¢hv proloigation in 


is fength for compating ie Au etingten which commen side and 
Siar sbposis angles in‘ tright ine peailelve to common silo are oqualla arco: 

A line bisecting one ang dividoe the opposite ide into parts proportional to the 
adjacent sidea. “in fg. 10, 0b bicts the angle at a and be: ec:cbd° od 

‘Lines drawn from each angle tothe middle of the opposite wide intersect in a com- 
mon point, which is the center of gravity of the triangle. The shorter part of each 
Tine is 34 the longer, fig. 71. 

Aline the middle points of two sides is parallel to the third side and 
loagtin, a agett the line gr folning the middle potato of ob and bes pa 
oc, and 34 ta length. Lines Joining eg and fg would be parallel to ab and bo, and 
aif theft length, respectively. 

Similar triangles are those which have ihe same angles and difer only in 
teagil ef dun, "fe ratio between corresponding sido of elf emia tranglon ls the 
tame, since itis the ratio of the same functjon of the same angles. Hence, if two 
fies‘ tlange and on ofthe corresponding leo «smi fiangle are known, 
‘the other oo jetormined. ‘The simplest teet of slmilar tri 
Sngloeo thet their corresponding ing sides are parallel or perpendicular. The principle 
of similar triangles is of great utility in fled geometry, 

The side of a square equals the diam. of an inscribed cirsle;-or the diam. of a 
circumscribed circle X 0.1071. ‘The diagonal of a square equals one ide X 14142. 

The area of a traperoid, fig. 12, equals 3% the sum of the parallel sides ad and ed 
multiplied by the distancs between them, ¢f, 


‘The area of  traperinm—no two sides parallel—fig. 73, equals 34 the diegonsl ac 
multiplied by the sum of the perpendiculars, bf and de. 

The side of a hi equals the.radius of circumscribed circle. The area 
‘equals the aquare of 1 side x 2.608, ‘The side of an octagon equals the radius of 
clroumscribed circle X'0.7689. "The area equals the square of one aide X 4.8280. 


To draw an octagon jn « square (fig. 74)—From each corner with s radius 
equal 104 the diagonal describe arcs as shown,” Join tho poluts at which thoy cut 
the sides. “Ifa square stick be scribed at s distance from each corer equal to 0.3 
the sido of the square and the corners chamfered to the marks, the resulting section 
will be nearly « true octagon. 


121. Geometrical constructions.—To divide a straight line into any number of 

equal parts, From one end of the line draw another, making any convenient angle 
smith i a2 10° or 2°, On this auxiliary line lay off any aarumed distance as many 
timeo as the number of equal parts desired. Join the last point wo determined wit 
the end of the first line, ‘Through esch of the points marked on the auxiliary line 
Grew e line parailel to the line joining the ends. Those lines will divide the kiven 
ine into the desired number of equal parts, 

‘To drew « perpendicalér fram s given potsit oit « line: Matk 2 points equidistant 
from the given point, fg. 75, and with them as centers and s redius greater than 
thelr distance from thé given point describe arcs on each ide ofthe line. Connect 
‘ob¢ itersection with the given point by ¢ straight line, which is the pet 
réqufred:" As'n check on sceuracy, note whether the line passos through the other 
intersection. 

If the given point is at one ond of the line, from « convenient point c outaide the 
ine describe a semicircle passing through the given point, and cutting the line again 
as at, fig. 78. Draw a straight line be through the center to the arc on the other 
side as'atd, ‘The line da is the perpendicular required. 

‘From a given point to let fall a perpendicular to:s given line. From the given 
point, fig. 77, describe an arc cutting the line twice. With these two points proceed 
‘as in erecting a perpendicular at s given point, fig. 75, or bisect the portion of the 
Une between the intersections, as at d, and draw the line ad, which is the perpen~ 
dicular required. 


To describe ciclo peeing through 3 given points, Join the points by 2 line, 
an . 76, end oonstract @ bisecting perpendicular on each. ‘perpen- 
Intarsect at the canter of the required cire:e. 
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Tangent 





@Tangont 





‘Squares are to each other as the squares of the sides or diagor 

Other to each other as the squares of the sides of of the radii 
ftiescrbed or retlesrited cries 

Circles are to cach other us the squares of diams., or radii, or chords of equal ares. 
pl2h Spheres and cubes.—The rurace of a sphera-=t = 12.5064 FF = 2.416 
= 0: = t circle = diam. x cire. = the curved 
apd ae ah SB aed or Li 
‘The eurfaces of two spheres are to each other as the squares of corresponding lines. 


‘The volume of a sphere = $m 19 = 4.1882 13 =0,5236 d¥ = 0.01089 cire. 
haa of rent sitio 5g volt ircainacribed eylinder =F 0.6808 vol of crctaseriipa 


The volumes of and cubes arf cach other asthe cube of thelr 
responding liner, or the syuares of corresponding surfaces; for a phere, 
Eielaleshs tia sive afm pens ciscle, oc of many efile mabecacin equal Geasen i 


center cube, a of a side, or a diagonal of the cube. 
iagonal of a cube = the edge x 1.7821. 


‘atany instant 
ing.” Thie relation, 
iy correct in air. 


‘The value of g varies slightly with the latitude as shown in the following table: 
‘Tame XVI. 
125. Values of g at surface of earth in different latitudes: 





Value of g 
Tatitnde, Fogg 








126. The value of g varie alo with the datance from the centof of the 
the distance above oF below the surface, diminishing in both cases. ‘This 
t approximately 0.016 ft. for each mile above the surface and 0,008 ft, fo1 
; eri 

121, he fundamental aw of motion of falling bodies ie et = 29h, ta. whch 
velocity at any point in feet per second; A, the distance through whicl 
Iallen from rea to the given'instant. ty ee 

As 3gg@ = 162, ‘These relations ure strictly true only in vacuo, 
amall| mmooth, dense objects a aperoninately ‘correct for tion Oh ale 


128, Centrifugal —It w= the of a rovolyi 
ber of revolutions per minute, r= the radius of revolution oF th ice of 


of of the body from center of motion, and c = the rift for 
the radius i Ibe., then ¢= O.000Rdurqss m7 S24 °= *heanatrifagal fores.oe pall 
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RECONNAISSANCE, 
ADDENDA, 1907. 


Feconnalssance of Cuba.—In October, 1908, Gen. J. 
Army of Cuban Paificatin, ordered & miliary 
in thy forsgeing pare, and covering tertory aaet i 
‘to be reconnoitered by a marching arm: tii Pe a valuable 
— Slept adh wee ag Feconnaissance must be 


or organized and ducted as 
i hue ii ancy ee acted canta 
: Seal and information muppiien ty the Oh agin 

alitary map of Cita proparod, larely by compilation ‘tar the close of 
used ‘base. Its This 
oe Bui cayete nea 

T0200 ode 

[Bip geteereretreveried, owing Bice lines or wile ground.- ech vasstgte sev 
then divided into 35 subrectangles or sections ecranged ent numbered: 
the follawing scheme: 


px 



































‘Those sections were about 5 by 7 ins., and two copies of each largo rectangle wore 
‘out up into sections and tho smaller parts pasted on heavy cardboard, “Each such 
Taumbered on tho back to correspond with its pince on the fall sheet, 

IH shoot extended beyond the land area the sections falling entirely on 

‘were omitted, but the namber of @ section corresponding to its place on 
Jheot was nover changed. Two sets of these cards were sent to ench oficer 

‘with the area covered by them, and in addition two or more uncut sheets 


or re a 


nalssance officer wns 
various preventin; 
convenience 
pane ate," Tue eon wa aide by oftcrsaotuted by ented eee 
“Phe method of procedure was as follows: 
Bach party tok into the fel one or more ofthe candboant sections and actually 
‘all roads, railways, public and private (plantation), ere imy it trails. 
Tnaccuracies of the base map were corrected to show im all roads, 
Butaings, Dridgos, large culvert ord telograph and tel eonien. forte: 
i eee a 
shown on the base map were followed and drawn in, Features shown on the — 
Dutnot fonnd on the ground were crossed off mad marked “ovr.” 
‘Contouring was not attempted on flat or ordinary rolling country, but hill forma, 
foot idges, and accessible mountaina were shown by contours at 50-ft, 
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128: ENGINEER) FIELD: MANUAL. 


by conventional eigns. Vil- 
mene ‘with their names cor 


shoot nvailablo to carry with them, cal 
ieee ives in thi a 


a bistanoes wore measured by pacing, foctarsmountntyand iy doeten 
wero by compass, ‘with suliclent attention to. the 
Pernitsbe deduction ot tas boutngh 

‘Tho large sheets were sent in to the office of the Chief En; 
pleted. The card sections were sent In as opportunity 
After work on them was completed and transferred. 

‘Tho aso map was found so defective In many parts that practically everything on 
it was marked “ovr"’ and tho cards wero used as though they bad nothing on them, 
Tn some cases the cards wore entirely discarded, and to avoid accumulative erfora, 
the following method was adopted: Road reconnaissances, showing all road and 
stream crossings, wate fret made o as to fora large loop of 20 to 60 miles in por- 
{moter, the several loops covering the entire rectangle.” ‘ach of these 
made to close on itself and adjusted 80 aa to properly connect with the een 
Toops, ‘The erostronds, etc., were then run in aud edjusted to 1¢ the 
already determined, tht adjasted loops taking in some degree the place of tian 
ulation system. This method was found to give good results, 


133. The total area covered by the survey was 40,000 square miles, and the field 
‘work wns completed between the middle of October and the middle of April. More 
than 90 per cent, however, was completed fn five of these six months. A battalion 
‘of engineers completed 14,000 square miles in four and one-half months, ‘Three 
companies of another battalion of engineers completed 4,800 square miles in about 
two months. Five officers of marines with detachments from that corps com] 
2,200 square miles. ‘The remainder, 2,000 square miles, was agsigned to, 

cavalry commanders at twenty different stations throughout the island. 


for 
, have been 


are in the classification of wagon Toads (fig. 79) nnd of wena (5:86), 
tial fn the alga Toru canal (Ag, 80). Ole: changes ato alaitonal end explacstony 


‘6b, ety eta to the size and geal of the map is 
pllahed in part by varying the boldness of the pen or brush strokes nd fa 
wider usar of thera. ‘The strokes must never be so small as to render 
ever larger tin can.b¢ easily made with a mediam pen. rs 
ich, while distinct as to conventional meaning, 
tests puneat tans ou Ua satel Cxvaresonr ches especie RarectenseanE 
tary maps, fo obseara any adiitiona, which may be made, "Topographical ‘signa, 
should be perfectly clear when looked for, but not obtrusive. 
“Asa tough guide, it may be stated that the signs shown in tho plates are about 
ight for coutionous areas of 8 oq: ine, ot low In maps of eealen of or 8 ins. to the’ 
‘If the map areas are larger or the scale smaller, the signs should be lightened 
gome, but not much, by making the strokes smaller’ and by spacing them wider, 
Some xamples of good maps show the meadow sign, for examplo, With 2 058 ele. 
‘ments to the ag. in. For very large scale maps and Tor field sketohes the strokes 
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i 
ere pees ame 
pap re means ese 


soil next, its classification may 
‘asand road; 6002, a clay road; 6008, « gravel road, 


may be followed “thee epee place; as 6000.01, well drained; 
6000.08, poorly dralned, 6000.08, flooded in the rainy seasoD. 

In the third decimal, or thousanths the gradient may be described, as 
000.001, tess than 2 degrees touximuan; 4000002, from 2 to 8 degrees maxim; 
£6000.008, from 5 to 8 degrees maximum, eto. 

‘There remain the fourth or as following decimal places as are required te 
accommodate the desired subbeads. ‘The description of the ordinary road is fally 
givon ou the headings indicated above, 

For example, lot a map have written along a road between towns 
su1s.s81. Looking this up in the index, the first number, €, means a al a 
in hundreds, place means macadam, thé second 1 shows 
Artloryc and fue 3 fa waltoplacolndéates thet tho sll i geavelys te’ inthe toutha 
column shows that troops may pass each other by breaking into twos, the 3 in the 
hundredths pluce indicates flooded in the rainy season, and the following 1 that the 
‘maximum gradient is less than 2 degrees, indicating quite a flat country. 

‘One important advantage claimed for this system is that by properl rarding 
tho indo te topographical data diayed on the map becose W setet wile ea 
only be known to.those possessing the Key. 
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Ditch. 
Canal - — 
Truss Bridge, Wood -W, Steel-S. ———eve-4,_—_ 


Pad 








Fords (Cavalry 


i 4 
i 


‘Wagon. and. Ariilery ————o + 


\ 


/ Dam bi 
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Deciduous Trees, Isolated groups |e." 
| 


Outline of Forest 





: | 
Cactus Spanish Bayonet | 
Bamboo 
Meadow Land 


Ploughed Land 





Cotton 
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Tobacoo 

















Vineyard 

Cemetery Fark 

Electric Power Plant. Fy 
Churoh ry 
Hospital . 
Post Office. Ielegraph Office..." ‘ 
Factory. (state character) a 
Water Works. ne 
Forage Station nan 
Hedge Poem orrwn ues aV B69 09 
Stone Fence ODED DORR SORE TOE ESOS 
Worm Fence 

Wire Fence 

Board Bence 
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Contour System... 


Depression Contours 


Sand, Gravel 


Sand Dunes 


Levees 


Cliffs 


Arreyo or Ditoh 


Railway Embankment 


Railway Cutting 
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City or Village 
Capital County Seat 
Buildings 
Triangulation Station 
Plane-table Station 
Common Survey Station 
Bench Mark 


Mines and Quarries 


BOUNDARY 
State Line. 
County or Province 
Township or Barrio 


Reservation 





Lettering on Boundary Lines 





eel he 


Pop.2028 


© Cit or Village. 














Reconnaissance 87 
Regimental Headquarters Far 
2a 
Brigade . ao%ac 
Division ” soiac 
om We 
Infantry in line = 
© 
Infintyy in column S 
ES 
Cavalry in line oe 
2 
Cavalry in cohamn = 
Mounted Infantry on 
Artillery wae 
Sentry é 
Vidette ‘ 
Picket, Cay. and Infy. ees 
Support.» (aa! 
Wagon train ees ecerss 
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Reconnaissance 





Medical Corps 

Ordnance 

Signal Corps 

Engineer Corps 

Gun Battery 

Mortar Battery 

fort True plan to be \ 
Redoubt | shown iknown ) 
Camp 

Battle 


Trench 


Abattis 

Wire entanglement 
Bilisades 

Contact Mines 


Controlled Mines 





Demolitions 


OBSTACLES 
NOTE: When color is used execute these in red 


wc 





Yu 


SRK 
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CIVIL DIVISIONS 


States, Counties, Tawnships, Capitals and 
Principal Cities (all. capital. letters) 


ABCDEFGHLJ 
KLMNOPORST 
UVWXYZ 


Towns and. Villages with Cap. initials) 


abedefghijkhnnopqrstuvwxyz 


HYDROGRAPHY 


Lakes, Rivers, and. Bays (all, capital, letters ) 


ABCDEFGHIS 
KLMNOPORST 
OVWXAXZ 


Creeks, Brooks, Springs, small. Lakes, Ponds, 
Marshes and. Glaciers (with Cap. 





abedelahipklmnopq’ sawwary x3, 





ry 
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HYPSOGRAPHY 
Mountains, Plateaus, Lines of Cliffs 
and Canyons (all capital letters ) 
ABCDEFGHIJKLMNOPORSTU 

: “VWXYZ : 
Peaks, small Valleys, Islands and Points 
(with Cap. iratials ) 
abcdefghijk|mnopqrstuvwxya 


PUBLIC WORKS 
Railroads, Tunnels, Bridges, Ferries, Wagon-roads, | 
Trails, Fords and Dams (oapitals only) 


ABCDEFGHISKLM NOPQRSTUVWXYZ 


CONTOUR NUMBERS 


Heaxy contoure 1234567890 


Light contours ssssareeo 


MARGINAL LETTERING 
ABC DEFGHIJKLMNOPORSTU 
XYZ 


I with Cap. initials ) 





aivedetghijkimnopgrstuvwxyz 
1234567890 
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Thickness of letter # of height. 
Slope of letter 3 parts of base to 8 of height. 
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FIRE CONTROL; COAST ARTILLERY. 
Abbreviation. Sign. 


Battle Commander's Station ____-_C__ 


Primary Station of a Fire Command__e'_(F") 








Secondary “ 





we ” BE” 


Supplementary 





Primary Station of a Battery, Be 








Secondary " “" "i 
Supplementary!“ " “ 8” 

Primary Station of a‘Mine Command___M_. 
Secondary“ ““ “ owt Ti} 








Supplementary" " # wy 


Double Primary" WML (YP) 
"Secondary" Ww" Me Bea 


Separate Observing Room_________o___() 


“Plotting ¢_ r__(P) 


Battery Commander's Station____B.C._@0) 


Meteorological Station 


Tide Station 





Searchlight 





Mluminating Light 





Post Telephone Switchboard p.s.B.__[X] 





4 














PART Il. 


BRIDGES. 

















Google 





PART II—BRIDGES. 


1, The kind of to be batit depends upon the load, the nature of the obstacle 
and the materials a Time is of prime'importance in the construction of 
‘bridges for troops in campaign, and the proper distribution of men and material to do 
‘the:work quickly must be made, 
Wy epoaking, the formes lathe weigh of the bedge lal aa tne ltr the weight 
, the former is the weight ‘and the latter the welght 
of ae trate over ite "Louts are usually slated it be, per aq. ft for highway tad 
por.a. ft for military and rallway bridges. Some loads of military bridges are as 
follows, ail in Ibs. per lin. ft.: Infantry, single file, 140; infantry, columm of twos, 
230; Tnlantry, column of fours, 680; cavalry In single fle, 196; cavalry in column of 
twos, 392. “Infantry in heavy marching order average 260 Ibs. per man; when un- 
armed, 160 Ibs. When crowded in a mass they may welgh 133 Ibs. por 4q. ft. of 
standing room. tance 1 
rapux I, 


3. Weights of guns and military carringes, fully loaded for traveling : 











‘Weight on the 
wheels, 


Distance | Width 
vetween | of wheel 
‘axles, | track, 
Front, | Hind. | ¢. toc. | 6. toc. 
























Ths, | Ibs. | Ft. Tus. | 7 
3.2m, B.L. F. gun 1,783 | 2070] 8 7 5 
B.6-in. BL. F. gun 1st0| 205) 8 9 5 
3.2in, caisson 1.775 | 21805) 8 5g 8 
B.6-in, caisson. 1,930] 3070) 8 6 5 
Battery and forge wagon — 1,130 | 21130] 8 6 5 
-in. siege rifle = “| 21880 | 6,495) 8 14g 5 
‘Tin, siege howitzer 2.510] 6,920] 8 1p 8 
Maxim antomatic | 1}960 | 1,290} 7 0 5 
Gatling. 74] 1,076] 7 0 5 
‘Atmy escort wagon (4 mules) — 2500] 5 9} 5 
‘Army wagon (8 mules) = 3,500! 6 1 5 











4. Bridges for general road traffic.—The dead load is the weight of the super- 
stractore, "Estimate quantitics of the diferent materials and multiply by wait welgats 
from the tables following. 

‘The live load is asmumed at 100 Ibs. per 8q. ft. of floor, or 5 tons concentrated an two 
axles 6 ft, long and 8 ft. 0, toc. 

Bridges fora special porpowe exclusively may be proportioned forthe correspond. 
ing 7 


6. Railroad ‘bridges.—The dead load is computed as before. To save time the 
floor, condeting of ras, Hee, and guard embers only, may be taken af 400 Ibs pet 

a, ft of track. 

‘The live load on each track, supposed to be moving in either direction, may be aa 
‘sumed at 6,000 Ibe. per lin: f%. of track, or 60,000 Ibs. on each of two pairs of driving, 
wheels 734 ft. ¢. toc. 

¢. Site.—Favorable conditions are narrowness of stream; sable tenis A SE 
height; hard but penetrable bottom; moderate depth and current, PETmEDeDs KOE 
Jerel, and absence of navigation. 

. wat 
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7. Measurement of width will be done directly by use of wire, or line, if, 
practicable. Boats or floats may be used to support s long line. \erwise, by inter- 
arnt Ponto gor may bn urd 

8, Strength of wooden beams.—For crushing, tensile, and shearing strength, 
multiply the cross section iniac iag ‘the unit stresses In Table Il. The result 
‘will be the ultimate tenaile strength in Ibs. This divided by the adopted factor of 
safety gives the safe tensile loadin Ibs. From this the crushing and shearing strengths 
insure heme eonloedin ibs From tie thecrabs 

sie by apzing the prentngr enn oD apt; aide by 
% ‘of the Jength between supports, all in ins.; multiply by factor in column 2, Table 
Piles pre biol! eng ebb ter perreeg peng 
i ribet ret oi here ; 
SETS TEN aS eter Sects re Sas 
amount of vi bration probably, caused by the live load. Tatio of breaking load to 
mazimum actual load is the factor of safety. It should be 4 to 6 as.above. a 

‘The. breadth of. a rectangular cross section is the face to which load is applied. 
‘The depth is the face at right angles to the breadth. 

A round beam has ¥, the transverse strength of a square beam with breadth and 
depth equal to its dismeter. 





Tau II. 


9. Constants of strength and weight of a number of species of wood when 
dry; principal authority, Trautwine: 





sri a, | Pah 





Lbs. per | Iba. per 
| ag. in, 
"7,800 | 16,600} “38 

















Mangrove, whito 
Mangrove, black. 
Maple, soft 

‘Maple, black 





Oak, live 
Oak, American white 
Poplar 

Spruce es 
Pine, American white 
Pine, American yollow. 
Pine, American pitch 
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strength may be ares ca te leas mew the direction 


sat bout double the stress of an equal quiescen 
load." A concentrated toving load must be considered us Av too pose waere 
‘the greatest strains are produced, usually midway between the supports. 
11, A beam safe against breaking may bend too much under the desired loail. "The 
rmszimum allowable peat efectin tn permanent srt ey he on. Ta mile 
for topo ‘<epecially in bridges'with floating supports, 
cone ia pertilesibie,|"Thee factor of watoty WA genszaily cine suough 
12, Safe loads.—Tho formula is, 
wat 
sa 


tn which 
= safo load in Ibs., uniformly distributed. 
b= breadth uy 


= apt” Hot en, alfa, 


Bae ot rssance for the Unter ued, Table, column 2, 
factor of safety. 


Baoxsx Re 


‘=eafe uniformly distributed load with tuétor of wfety of 6, if thmber la 
seasouel, oF 4 if timber is grec. 
‘b= breadth of beam in ins. 
‘C= coofficient from Table ILL, corresponding to length and depth of bear. 
R= coefficient of resistance of long leaf pine, Table LI, column 2. 
By =coofticient of resistance of timber used, Table If, column 2. 
For concentrated ywiddle loud take. of 8. The ‘bd? for any beam 
‘will be called its indes, ‘The ratio of ‘of any ‘the ratio of thelt 


ep pecmrbiee.—Deterntns thn ste unitors lod ons hociegtal bea of Sank 
thick, 12 ins, lear span, factor of safety 6, From 
Fortu (),0 Toniforuly distributed sate load 8 equals 8% 12 5¢ 12-+ 240 mil 
Dy f of 7,100 divided by 5, equals 9,720 Ibs," Safe center load — 3,790 + 21,800 Tbe, 
ae 2 Oar nil 2 qe ee 
Or, for a different wood, as white oak, S— 1,210 3 x 7,200 + 7,7 
= 3,400. 


If various sizes of materials are available, the inverse problem may be used to select 
the size which will give requisite strength with least weight. The ratio of breadth 
and depth must be assumed. 

Example ; Determine the | ize of beam to carry a safe load of 3,750 Ibs. uniforml; 
Aistributed over a clear span of 20 ft.; factor of safety, 6; breadth, 34 of ‘epee; me 
terial, yellow pine, seasoned, 

From Formula (A), 


HOP 999 


3,750 = 


whence 
B= 1,728; d=12; b= Ydms, 
‘The beam should be & by 12 ins. 


fe 
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Depth of beam in ins, (width equals 1 in.), 





lilt | Sageegsges2 


| lafetetesetetotefetet 











ua 





2858832355238 


Pee een 





BBSRSSi2S283R28 


oe oe eo 





























4 

















aa 


i 


ESSE 2RRRARSERSSRERAS 
RagseSssrdesdssaadaina 





§28329829S89298288322 


edeedddssssaassesece= 





wagsscesegsegsasaze2s 


eeisyandsssdsersscwe 





Bag22aR5a23nS82i2e85 


Seagddtedserseeraaaatet 





#922035 20992585909823 
sade siser ss Hadcici iia 





S82588323323228253 


Seiser esses 








aegugenusnaeea//// || 





S2SRSG28535 He 








& 


COM moSutSeRinGasaseas 





no matter 


‘When a wooden beam ix to bear compression in the direction of the fibers, 
schethet ero, horlsontt, or inclined a aafe load te thas given tu ts able 


of timber against crushing should Le 6 to 8 for Important strac- 
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18, Properties of step! I besims; authority! nimhutactnren’ hhsdticths:” 











|C— coef. of strength; max pest of 
Degeot | wetgntpern,| Amol [shar wtrain of 12,600") Pe 

‘ion, min. per aq. in. beam. 
Ina, Lbs. Tbs. Ins. 
1b 80.00 799, 200 16 
18 60,00 08; 400 6 
6 42.00 490, 600, 16 
12 40.00 ‘241,500 12 
12 31.50 299, 000 12 
lo 40.00 264, 600 10 
10 25.00 208; 000 10 
9 35.00, 207, 000 9 
® 21.00 161200 8 
8 25.00 ‘142,700 8 
8 18.00 118; 600 8 
7 20.00 100, 400, 7 
7 16.00. 86,200 7 
6 17.0 72, 700 6 
8 a | 60, 500, 8 
5 14.75 60,500 5 
5 9.78 40,880 5 
4 10.50 29, 800 4 
ri 80° + 245900 i 
3 1.0 16, 200 3 
3 5°60 18)800 3 




















‘The coofficient of strength in column 4 Is the safe load for a span of 1ft., allowing an 
extreme fiber stress of 12,600 Ibe. per aq. in.as is done in bridge work. Forany other 


‘span I, divide C by I in ft. The quotient w= ©, equals the safe load in Ibe, uni 
formly distributed. 


© In long beams without lateral support, the safe load must be reduced as follows: 
For a span 30 times the width of flange, reduction of 10g; 40 times, 208 ; 60 times, 30%; 
(60 times, 405 ; 70 times, 60K. 


Taste Vi. 


19. Properties of steel channels; authority, mawutacturecs'-headhooks:> 





cool. for safe load; 


‘ber strees of 12,600 Ibs. 
‘er oq. in. 


o. 


sgggqggegagageesasas 
A¥ggudassaecdaseeads- 





gesesacaaas 
Giddsirdses 


pgsansaas 
FF 5 





Area of 
per ft. | section. 


Weight 


Asdiasdddaddsgederses 








pth of 


Dey 
channel, 











‘The safe uniform load in Ibs. is the quantity in lest col, divided by the length of 


span in ft, 


‘Tame Via. 


19a. Properties of steel Z bars; authority, manufscturers’ handbooks. 














fa go 
ite | seseesdeegag 
se Aevgegendadsd 
EE z : 
oe 
3q | geegenacegege 
Hy | ESsessoaes 
A gedacndeageca 
33 foocooow enna 
a 
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‘Taste VIL. 
90, Dimensions and widths of angies of equal legs: 





Size. ‘Thickness. | Weight per ft. 





F 
<P 


& 
BREED 


fatenoetneweeoee 


v7 
"e 
ae 


™ 
e. 
® 





ie 
eKEN 
aaa 


% 
Srprereprpopayes Base 


KR 
ers 
Per 

















80, 000, 
63, 000 
33,000 
62, 000 
32,000 
14,500 
45, 000 
45,000 
5, 000 
88, 000 
160,000 
63,000 
68,000 
‘76, 000 
85,000 
15,000 
60, 000, 





FASTENING MATERIALS. 


32, Rope and wire.—Much confusion is caused by two methods in common use 
to denote the size of rope. In marine use it le indicated by the circamference in ins.; 
on land the practice 1 not uniform, but the use of the diam. in ins. is prevalent. 
‘The former method {a used by manufacturers and is correct asa matter of ‘The 
‘same rope is called 8-{n, or I-In, by the two systems, It is practically 3 ins. in circ., 
but only approximately 2 in. in diam. It is to state which dimension is used. 





are 
few months. 


‘i ‘Tame VIL. 
°%, Dimensions, weight, and strength of Manila rope: 








prerrrerressss 


BSSSasesreseee 


f 


ji 


eases’ 


rie 


SESESES 


3ee 
pidaita 
28885 





| 





a aaa a A adie t 
Up to 5 ins, circ, rope fs mide in colts Of 1,200 ft, each. 
2, wire rope is composed of 6 strands, each containing 7 or 19 wires, taid 
yabout & hemp or wire strand center, Rope with hemp center is more flexible 

rat with a wire center. The 1-wire rope with hemp center is better, adapted 


{power tranamistion; the T-wiry rope 1 r standing rigging, 98 dercigk KN 
‘other purposes whiere frequent bending. is not involv 
‘The safe load on wire ropes is from } to 4 of the breaking load. 
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‘Tasue 1X. 


Dimensions, weight, and strength of hoisting rope, hemp center, 6 
strands, of 19 wires each: 























Cire, of new 
Strongth. mania rope of 
equal strength, 
We. 
Diam, | Oire. | 104 Cast stool, Tron, 
_ t | To 
Brig. | Wrig. | Brkg. | Wrkg. | Steel | tron, 
Joud. | toad. | toad. | load. 
Ins, | Ins, | Lbs, | Lbs. Lo, Ls. Dh, 
1 23| 9,600| 1,750 | 5,000 “iso 
1 30] 15000) 3,000) 6,900 | 1,250 
Fy 60 | 28,000] 5,000] 10,200 | 23600 
88] 36;000) 7,000 | 17,280 | 8,600 
120 | 50/000 | 10,000 | 28,000 | 5,000 
1 158 | 66,000 | 12,000 | $2,000 | 6, 000 
ag] £°) 250] 108/000 | 20,000 | 4,000 | 11, 000 
1 365 | 164;000'| 30,000 | _78,000 | 16,000 
184] 54 525 | 212}000 | 42,000 | 108,000 | 22 000 
¥ ‘630 | 260,000 | 60,000 | 130,000 | 26, 000 
‘Taste X. 




















28, Dimeasi and strength of transmission or standing rope, 
‘hemp center, 6 7 wires each; authority, manufacturers’ handbooks: 
Cire, of new 
Strength, manila rope of 
equal strength, 
We. per} 
Dinm,| Cire. | yo fts| Cast sted, Tron. 
To | To 
Wrkg. | Brkg. | Wrig. | eel | iron, 
stress. | stress. | stress. 
Tus, | Tus, | Toe, | Tbe, | Ube, Ue, | te | tun, | Tus, 
%| 12! 6,600] 1,950] 2,660 33] Big] Tay 
Y 36} 6,000| 1,500! 2760 500} 3 Fy 
1 a1| _s}o00| 1,750) 3,300 cor} ay] a 
1 si) 12}000| 2500] ,600| 1,500] 4 4 
2 87 | 22,000 | 4,000] 11,600] 3,000} 3 + 
A) #4] 92) S400] 7,000) 18,000] 4,500] 7 5 
| sf] 12) 44/000] of000| 24%600] 6000] 6 
"| st} 150} 60,000 | 32000} 32,000] —_st000] 11 1 
ng] 4°! 228) 88,000) 18,000) 50,000 | 12,500}. | ang 
1g] 434 | 837 | 124,000] 26,000] 72} 000 | 18,000 aw 

















‘To preserve wire rope, cover it thoroughly with raw lingoed oll, oF a paint of equal 
ipblack. 


parte of linseed oll an 


Galvanized-wire rope as commonly sold is a cheaper grade of 


strands of 7 or 12 wires each. Ita 
tron rope given in the table. 


ing strength Js slightly leas than 


Iafd up in 6 
at of 
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If the quality of the wire is not known, the t. s. in the table should be redwoed 154. 
Tor soft Besotuter steel wire, they Tay be increased 10. 

‘Wire should always be taken from the outside of the coil, by placing the coll on an 
axle or rod and ‘away with the end, or by holding the outer end and rolling 
‘the coll along the ground, 

30. Chalns sre designated by the diameter of the rod from which the links are 
made, as 3g in., 1 in., etc. 

‘Aleo by the form of the link, as close tink, in which one link is just large enough 
to lacoes the fro" adjacent ono, fig. 8; open ink tu whieh the Tink ie ebger thee 
in. close link, fig. 7; bar chain, which consists of open Nuke with & bar across the 
middle of each; and twisted tink, fig. 9, in which each link is twisted through a 
cortain angle, usually 90°, and straight or fat link, figs. 7 and 8, which is not 90 
twisted. 

Chain is also galvanised or black, the latter most used. 





‘Taoue XII. 


31, Size, weight, and strength of iron chains; authority, Trautwine; strength 
taken af 04 Toate rod of wich the links are nites 











Bize of ‘Breaking Bize ‘Breakit 
sent [ewenrn,| Memos |p Set, [ewe oerns| Beaks 
In. Tbe. Lbs. Ins, Ths. Lis. 
08 3,069 ~ 8.0 (87,682 
LT 6,922 10.7 49,280 
25 12,320 a 12.5 (50,236 
58 27,687 1 a7 108,280 





‘*Weighta given are for close link. Open link will weigh less. 


32, Serving.—On wire or manila rope and with wire or marlin, serving is best 
done as indicated in fig. 17. Provide a bar, A, 18 ins. to 24 ins. long, smooth. and 
rounded, with cross pins 6b near one end, the outer one removable, to form a reel 
for the coll of serving wire C. 

Lay the free end of the wire slong the rope from the point B, where the serving is 
to end, to the point C, where it is to begin; make a short bend at the latter and pass 
the wire twice around the rope over the straight part, half around the bar, around 
the rope in the opposite direction, and place tho coll betwoen the pins, as shown. 
Rotate the bar around the rope, keeping the following turns close together and the 
loading turn as taut as may be heoeasary to get the proper tension. | When the fol- 
lowing turn has reached B, cut off tho wire and twist its end with the end of the 
straight wire, coming out from under the tarne. 

33, Driftbolts, apibos, nails, and wooden pins or treeuails aro used for fastening 
together parts of wooden frames or structures. For driftbolts and trecnails, a hole 
4s frat bored of slightly lees diameter than the bolt or pin. Fastenings of this sort 
depend upon friction to hold together the parts that are joined. Design joints to 
‘avoid as for as possible a heavy shearing stress on the fastenings. 

Drittbolts are iron bars of aquare or efrcular cross section, headed more or leas at 
one end and bluntly pointed at the other. ‘The head ig often omitted, aa a small one 
4s made in driving, All bolts, spike, abd nails should be of such leagth that when 
driven the point will rest in solid wood, 

















Military Bridges. 


Fig.4 Fig.5  Fig.6 


Fig.11 = Fig.42 Fig. 
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Tame XIU. 
34, Dimensions and weights of driftbolts: 





‘Square section, side. "| Round section, diam. 














Langth. 
Kin, Tin, yin. Lin, 
Le, Toe. Lbs. 
2.9 5.1 4. 
32 BT “4 
35 63 49 
a8 6.8 oa 
41 13 5.8 








85, Wood joints may also be secured with screw bolts or lag screws. 

Berew bolts are of round iron with square heads forged at one end and standard 
gefew thronde cut on the other. Nuts should bo aquare, with a thickness equal to 
the diam. of the bolt and a side equal to twice the diam. "Cast-iron washers should 
bbe placed under the nut, and under the heed aloo if the timber is soft. 

Lag screws are large gimlet-pointed wood scrows with eq. heads to be turned 
with a wrench instead of « screwdriver. The timber next to the head should be 
‘bored the full aize of the shank; the rest of the hole should be smaller, and its total 
Ieagth somewhat léss than that of the screw. Wroughtiron washers should be 
placed under the head, 








Taste XIV. 
6 and approximate weights of screw bolts in pounds, including 


























‘Diameter. 
% in. % in. % in. Hin. Lin, 
Ins, Lbs. Tbe, Dh. be. be. 
6 Lo |. 
1 tio 
8 rie | = 
pe -_ 
1.38 3.05 
14 3.22 
158 3.39 
162 3.65 4:89 
170 3. BL 
1.79 3.80 54 
187 4.06 5.56 
1.96 4:23, 5.78 
206 440 6.00 
4.57 6.22 
47h 6.44 
4.90 6.66 
6.07 6.88 
6.28 T10 
5.41 782 
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Tamte XV. 
:s81 Dimensions and.weights of wrought-iron washers: 





Diam. of | Diam, of 
lng ecrew. | washer. 





No. in 150 Ibs. | Weightof oné 











In. Ins, Tn. Bb. 
% * No.12 4,500 0.6833, 
y WY No. 10 2500 10,0600, 
2 ii No. 10 1,600 10,0038 

‘Taote XVI. 


38. Dimensions of steel-wire nails and approximate number per pound, etc.: 





‘Number per pound. 





Fencing.| Box. |Flooring.| Shingle. 



































162 ENGINEER FIELD MANUAL. 


‘Tamue XVII. 


39. Dimensions of miscellaneous steel-wire nals and approximate number 
per pound. 





Lengths, iuches. 





B.W.G. 





wormoeeKsr ons 















































TasLe XVIII. 
120: Dimensions of aa. boat spikes snd approximate mumber in « keg of 200 





Length of spike, inches, 
Size. 





vw, | 11. 








Jn, 






510 | 440 
450 | 375 | 335 | 300 | 275 
| 260 | 240 | 230 | 205 | 190 [175 | 160 














u BRIDGES a hg 4 
‘Taper XIX. 
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Jolnts in metal are made wth sre, lt ace 
‘les should come Talr when the pieces a 
Pac bagi ta tue WOW; abutcue dirtdcss ould Ub i ca ane 
Bilog to exclate moisture. in riveted joints it is equal Trportaat 
some fe bat the rivet should ft Tosely fn the hole. ted Jofuts are much 
cureerontly tendey seyecialty Yu: the Bld ‘but they ba Test strength than the 
riveted ones, 
Joints in metal are most frequently made by the use of auxiliary pieces suct 
vo pain yee te bre ‘Some common forms are 


a ‘se eti .—If convenient, arrange for the tree to fall in the direction of 
‘inclination. If it be necessary to (ell in another direction, use to 

aie ae te tly over before the cutting ts finished, Commence cutting with the 
yward which the tree is to fail, cut as faras the center of the treeor 

aie tha fig, 16; then change,to,the opposite side and commence catting 

ye the former ent, continuing until the tree falls, If ‘outteoan the axmen 

et Foaalta canbe adialn with ut saws. itt 


sa began to fam, ted cot from the other wide rt the tree 
The following methods areapplicable to geo the atipeat caps 
5 of ooten seein 


AL and 32. Instead ota single stick of timber, two: 
‘For example, a)12 by 12 in, eap or will replaced 
‘sticks. A'tonon ¥to.6 in, thick and the full wi ith of the post iis 
on “One of the cap oF sill pieces (4 placed on ench ede of sap tao 
Hin place by bolts we exch post, 
‘plates and bolls, as in fig. 37. 
Ea 18 to 30 show various useful forms of joints, 
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KNOTS. 


45. The following knots are most usoful in beldging: : i 

‘Overkand knot, fig. 82, used at the end of « rope to prevent unreeving or to prevent 
the ond of the rope from slipping through a block. 

Figure-of-eight knot, fig. 88, used for purposes simtlar to above. 
anbftare oF reef not 88, commonly used for flaing ts ropes of the same si, 

@ standin, ranniny of eacl im rough the 
thor inthe same direction: P's. from above downward or vice "versa otherwie & 
granny, fig. 39, is made, which is a useless knot that will not hold. ‘The reef knot 
can bolupsct by taking one end of the rope and its standing pert and pulling them in 
‘opposite dicecti ‘ith dry rope a reef Knot is as strong as the rope; with wet 
rope it slips before the rope breaks, while a double sheet bend is found to bold. 

‘The thief knot, fig. 40, commonly mistaken for a reef knot, should be avoided aa it 
will not hold. ‘The figure shows that the end of each rope turns around the standing 
part instead of around the end of the other, as in a reef knot. 

Single sheet bend, weaver's knot, fig. 41, used for joining ropes together, especially 
when unequal in size, It is more secure than the reef knot but more dificult to 
untie. 

Double sheet bend, fig. 42, used also for fastening ropes of unequal sizes, espectall 
wot ones, and is more secure than the single sheet bend. 7 

‘Treo half hitchen, Ng. 48, especially useful for belaying, or making fast the end of « 
rope round its own standing part. The end may down or seized to the 
Handing part with a pleco of apun yarn; this adds to is security and provents 

ing. 

‘This knot should never be used for hoisting a sper. an 

Round turn and two half hitches, Og. 44, lke the preceding except that a turn is firat 
taken round the spar or post. 

Fisherman's bend or anchor knot, fg. 45, used for fastening « rope to a ring or anchor. 
‘Take two turns round the fron, then a half hitch round the standing pert and between 
tho rings and the turns, lastly’a balf bitch round the standing part, 

Glove hitch, fg. 46, generally used for fastening a ropo at right angles to « spar or 
at the commencement of a ashing. tthe end of the aper i ree, the hitch in taade 
by first forming two loops, as in fig. 47, placing the right-hand loop over the other 
‘lle and sipping the double loop (fig. 48) over the end of the spar. If this can not 
be done, pass thé end of the rope round: the spar, bring it up to the right of the 
‘sanding part, cross over the latter, make another turn round the spar, and bring 
tup the end between the spar, the last turn, and the standing part, fig. 49. When 
‘used for securing guys to sheer legs, etc., the knot should be trade with e long end, 
which is formed into two half bitches round the standing part and secured to ft with 
‘span yarn. 

‘Timber hitch, fig. 60, used for hauling and lifting spars. It cap’ easily be loosed 
when the strain is taken of, but will not tlip ander pull, Whet aved for hauling 
spare, a half hitch is added hear the end of the spar, fig. 51. 

‘Telegraph hitch, ig. 62, used for holsting or hauling & spar. 

Haweer bend, fig. 63, used for joining two large cables, Each end is selzed to its 
own standing part. 

Bowline, fg. 64, forms loop that will not slip. Make loop with the standing part 
of the rope underneath, pass the end from ‘below through the loop, over the part 
round the standing part of the rope, and then down through tbe loop'c. ‘The length 
‘of bight depends upon the purpoee for which the knot is required, 

Bowline on a bight, fig. 55, The first part is made like the above, with the double 
part of @ rope; then the bight a is pulled through sufficiently to allow it to be bent 
past d and conte up in the position shown, It makes a more comfortable sling for 
man than a single bight. 

Bunning bowline, fig. 58. 

‘To sling a barrel or box horizontally, ig. 67, make a bowline witha long bight 
and apply it es shown, 
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Fig. 28. Fig.29. Fig.30. Fig.31. Fig. 32. 
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Fig.54. Bowline. 


Fig.58, Bowling on a Bight. 
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Fig, 58, Sartre te, 
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Fig: 62, Rolling Hitch, Fig.61. Sheepshank. Fig, 60. Cat's Paw.B. 
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“Fig. 64. Mooring Knot. 





‘169 Gooale 


Military Bridges. 


Silo as 


Fig.70. Short Splice. Fig.71. Short Splice. 


aac 


Fig.72. Short Splice. f 
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Fig.73. Long Splice. 


Fig.74. Long Splice. 


Fig.75. Fig.75a, Fig.76. 
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rooting Mle fg. i, used for hie argent em ifatia ka aed 
3s the direction im which, it to be based and one halt hi 
nthe other aide tthe Hauling pars A tee knots id quickly iy med 
Deseret nts meee Gea Re ook Go eee 
rope yarn, fig, 86. Rope will not hold, 
eh AEH, od ae: Aang elev EA (3 OA Hie dat 


Hoisting. 
the free cod of srope uncer rpc nee en Teather 
‘and pass the freo end between the two upper turns. 

Chrtick bend, ig: 65, much used for hawsery and to fasten gdiyh to dorsi, 

Wail knot, figs. 66 and 67, and, 

eer om ai, Br, ad Ob, oth uae for alti. of the eae 


‘vent unstran 
eae 


in.a direction opposite to the twist of the ro 

trade will give. the result shown by Bg. 7. ‘may be con- 

My these foe oa ote (fie. Ya) ua ine te oh cine 
when spered by cutting out m 

feve bers from the rope. Rolling under 


Long splice 4) 
SETS lias ns ahaa et Sean tas eee meet 
One rope, laying in its place the nearest strand, a, of the other Tope, 
eit, direction with two other strands, ¢ and Fig. 74 Sons. 
own secured 


tay i 
Hemera, see 
to that which secures fg. 10, 
short splice. 


‘Draw all taut aud 


TLASHINGS. 
‘77, transom in front. of, ee 


ca at 


‘and above the’ pate opt Dutlae 
‘oh one spar and inside ‘over the 

‘Four turns or mors are required. A coupié of s tarneare hen take, 
Tyreen te nase, around the lasting, nad the lahlng Wy aiebed of either Tound 
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3. Ta Tash three spars together ax for a gin or triped.—Mark on eackt 
Phebe te iG cheer the shi HS two of the spare 
meter, Rest their 
0 


of direction 
‘Make a clove on one of the 
ashing 95 fates sight. oc vetoes oesdneveas se Manan 
ad fino with aleve thee the contal spr above Be ning Pan 
Sng over the aching andthe tpl is ready Yor Fag } 


‘a fastening fn the ground for the 
are icives, nb, the becund. ope tanta Oe eave 
sh picket the last fs secured by a lash 


oom 
ie 
Blocks areulso unde entirely of metal, a which the strap is replaced by bolt, ig. 9, 
Sey aedeagal ema oe 
their sheaves, ‘Those with one, two, three, and four sheaves are called singley, 
fee ep wk ee ‘The largest rope a wooden block will take has a circumference: 
equal to one-third the length of the shell, Self-lubricating blocks may be obtained 
‘ind are to be preferred, ers 


A match block is # single block ‘and strap at side to admit 
rope without passing the end through, Ag. #0..0 yD Neounale 


A block is uttuched to the abject tobe moved; a sanding blook i 
some it a |, 95, 96. A simple sts 
Pearce andes in the eae ie 
other ig the running end, Each part of the fall 
sky, oF between either eud and the block, ts called a retirn, _ 
vere isto the blocks; to round én, to bring, them closer together, 
eatin  coniack ee Srconiie eae 


fall is said to 
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Fig. 100, 
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The, of « frame te shown in fig. 101, and the xystemof in fg. 
102, “The armangoncht af trance to form m'singllock beldge iw shown tx Age 10k 
fand 105, anid e double-woek ridge In fg. 107. 7 

85. Construction of 0 
301 oF loss. The two 


more men. 


‘The footings at A and B must bo firm, horizontal if possible, and at right angles to 
tho axis of tho bridge. In'n masonry pier they may bo cut out. Tn firm soil « sim 


Fora tt, 
roadway the standards of the narrow (inside) frame should be 9 ft. 6 ins, apart at the 
transom and 10 ft. 6 ins. at the ledger, in the clear, and the other (outside) frame 
Lit, G ins, wider throughout, 


frame is constructed on etch bank. ‘The standards are laid on the ground in 
of the bridge, butts toward the bank, ‘The ledgers are lashed on above 

beneath the standardsat the positions marked. ‘The diagonal braces 

to the standanis, two butts and one tip above the latter, and to each other, 

¢ braces are lashed the frame must be squared by checking: the measure 


for the foot and guy ropes are driven, the former about 2 
ries ‘on each side of the axia of tho bridge; the latter 
Tank aod 10 paces on each aide of tho axle, The foot rapes, 
by timber hitches to the butts of the standards and the bark, 
DD and Ef, to the tips; the fore gays are passed. across to the oppo- 
2 guys of the narrow frame should bo inide the guys nud standards of 


ames are put into position one after the other, or simultaneously if there are 

‘A mu is told off to each foot rope and’ one to each back guy to slack 

a8 two turns being taken with each of these ropes around their respec- 

¢ other men raise the frame and launch it forward, assisted by the 

{he fore guys, until the frames balanced on thocdge ofthe bank, ‘The fame 

‘then tilted uni ‘butts rest on the footing, by slacking off the foot ropes and 

‘on the fore guys, fig. 106, After the head of the frame has been hauled over 

‘the perpendictilar, it is lowered nearly into its final position by slacking off 

‘back guys, When tho two frames arein this position opposite each other, the 

‘narrow frame is further lowered until its standands rest upon the transom of the 

ther. The wider (outor) frame ia then lowered until the two lock into each other, 
the standards of ench resting upon the transom of the other. 
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‘The center or fork transom, figs. 104 and 105, is then passed from shore and 
in the fork between the two frames. ‘This forms the central support to receive a floor 
system of two bays, built as already deecribed. 

‘The estimated time for construction of such a bridge is about one hour if the mate- 
rial is available and in position on both sides of the stream. The construction of 
fhe roadway requires about twenty minutes; forming footings in masonry about one 

r 


56, Construction of double-lock bridge, fig. 107.—Suitable for spans not exceeding 45 
{t., and consisting of two inclined frames which lock into & connecting horizontal 
frame of two or more distance pieces, with cross transoms, dividing the gap to be 
bridged into three equal bays of about 15 ft. ‘The force required is two or three non- 
‘commissoned officers and 2% to 60 men; the time for construction, except roadway, 
‘about two and one-half hours; extra time to be allowed for difficult footings. 

‘The width of gap is measured, the position of footings determined, and the length 
of standards from butt to transom determined and marked as before. 

‘The inclined frames in this case are built of equal widths, launched as before, and 
held by guys just above their final position. Two stringers are lsunched out from 
each bank to the main transom. The distance pieces, fig. 107, are put into position 
inside the standards, using tackle if necessary, and the road’ transoms are placed 
and lahod to the datanc plocenat the places marked, Both frames re now lowered 
until they jam, 


Taste XX. 
87. Round timber required for spar bridges: 





T 





Diameter. 
Spars. | Length. | [rprongh.| PUrpoee. 

Attip. | out or 

mean. 





2 
Ed 


‘Bingle lock, 30 ft. span. 


Double lock, 45 ft. span. 


mBimror mom Sam me 
3 
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‘Tame XXI. 
88. Rope required for spar bridges: 








in. elre,, 901, for ledger and brace 
{in cie., 21 
Spun | 


Aggrogate length and weight of 
Tope required ——————————--— 
Lee it 
Miscellancona materials: 2 pieces chalk; 8 pickets, 6 ft. long; 4 pickets, 8 ft, long; 
Ksactte perwla; pina tor ehece (15g bra foe Up 10 1c) (according to meni eae 
dicks and lanbings (at 4ft. intervals) (according to pan); 4 tracing tapes, 100 each 
59. Roadway of spar bridge.—For infantry in fours crowded the transoms 
should have a dian, of ot lees than 9 ina, fora pan of 18-1. Five stringerw ft 
8 ins. ¢. to €., and 6 Ins, diam. at the tip will suffice, If the ticks vary in size, the 
Targer ones should be notched down on the transoin go a to bring tho tope i the 
sume plane, The sisingers should be Jong enough to overly the transome, 
‘Should be lashed frat each tip. ‘The Boor down by side mis over tho 
outside stringers and lashed to them, If lumber can not be obtained, a floor may 
the made of stall spars, the interstices filled with brush, and the whole covered with 
Jousn or clay; figs. 108 und 110, 
60. BE pe neon to shallow rivers with firm bottoms and not 


abject change in water level, _Improvieed structures are seldom satisfac 
tory, one rocky bottom they are difficult to fit; on a muddy bottom they sink, and 








7m they undermine, Poriable trestles require but little timber and 
ted. ‘The paris are fitted together and numbered to fucilitate 
A trestle bridge is not limited as to length, ‘The bays are of conven- 
Usually 12t0 16 ft., depending upon the trafic and the available material, 
jAcenrate soundings neroes the strum along both sides of the bridge are required 
where the bottom is irregular, to determine the length of legs and the height of the 
cap of each trestle above the bottor 
61. Trestles of spars nnd lashings are applicable to rocky ravines, or when 
‘circumstances muke it difficult to drive piles. They may be two, three, or four 
7 : F 
The two-legged form is similar to a frame for a single-lock bridge (par. 55), the 
only. being that the trestle standards have a greater slope. Four ‘ime 
should make the trestle in forty-five minutes, If tho timber bo weak, both led 
‘and trassom may be doubled, us in fig. 103, Light material may be ‘used for th 
ns little strain js brought upon them, Two-légged trestles 
fons by lashing the stringers 0 the transome and by 
‘bracing of adjacent trestles. ‘The trestles next the shore must be 
“by spars Iashed to the standards and to stout stakes driven in the 
Phis end bracing is very important, 
‘trestles, fig. 111, hays the advantage of utilizing light material, 
without bracing and admit of more ready adjustment than the 


08 will 
make a triy the lashir of the 
a ing of the tips may be done as described in par. 48, or 
Arp or Aba boegr gor georges 
a 
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fork, In the latter method the tips of the two logs are lashed together with a shear 

Inshing, par. 47, and the third leg or tripod is then added. ‘The tripod is then raised, 

the feet placed ‘on the angles of an equilateral triangle with sides about half the 

height of the tripod, and secured by lashing three light ledgers, as shown in the 
igure. 

Threelegged trestles of bamboo fitted with three transoms Iashed at different 
Lights for varying deptbe of water were used near Manila for a portable bridge 150 
ft. long. ‘The floor was made of bamboo frames covered with bamboo mats. ‘The 
floor for each bay was carried entire and was designed to be hung by ropes from the 
fransome. The entire bridge could be carried by 120 men, but was rathor heavy for 

em. 

‘A four-legged trestle made of spars and lashings is shown in fig. 118. It consists 
of two frames similar to two-legged treetle, locked together at the transoms and 
connected by short ledgersat the feet, ‘The breadth of the base on which the trestio 
stands should not be less than one-half the height. Fig. 114 shows a four-legged 
trestle for same use as that shown in fig. 113. It presents slightly different a 
ments of the parts and of the lashings. Four-legged trestles are not convenient 
use on uneven bottom, 

If trestles are placed in considerable depth of water it may be necessary to baitast 
them temporarily until the weight of the roadway can be put on. Pieces of rock or 
sacks of gravel may be used for ballast, or any articie of the equipment in compact 
form and of considerable weight may'be lashed to the trestle when it is sot and 
removed to the next when no longer needed. 

In setting trestles of all forms on dry foundations they may be made with legs of 
uniform length as prescribed in the text, set up in place, and fitted to the ground by 
lnshing suitable extension pieces to the feet. 


‘Tawue XXII. 
62. Spars and lashings for trestles: 



































Diam, of 
No. of spars 
Kind of trestle. Length. |sparsorcire.| Purpose. 
or iashinge. er eye 
Ft. Ins. 
2 44 106 
1 Wield to 
Py 
1 
6 
3 
6 
1 
4 
6 
4 
1 
6 
4 344 104% 
i "41284 | Teton, 
‘oar 4 agonal 
Four-legged 4 Ledgers. 
wz Lashings. 
6 Lashings, 
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Fig. 111. 
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Fig.116 





Fig.118 












































Fig.121 
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Military Bridges. 432.137, 
Fig. 133 Fig. 134 
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Another method is shown in fig. 121, involving the use of beams, roller, and rope. 
‘The beams used must be about twico the length of the bay. 


Fig. 122 illustrates a method of placing trestles when a boat or raft i 
High, trestles are usvally erected by the use of a balance beat 
forward as the flor advauces, and projecting beyond the last bent 


.—The trestle is also one of the most useful methods of 


¢ designed to carry the loaded escort, 
ight of the treatle 
doused. 


f considerable height may ve made in two or more tiers, the cap of each 
forming the sill of the one next above and resting upon it, or the posts may be con- 
tinuous, figs. 128, 129, and 130, 

‘When trestle sills are supported on footings or piles, the points of support must be| 
under the posts, 


66, ‘are similar in construction to trestle bents. ‘The sill is omitted, 
the riven into the ground, aud usually are all vertical, Pile bents are to 
be ‘on soft ground and in rapid streams, Piles should be from 8 to 12 ins.) 
in eat the butt for highway traffic, and must be approximately straight, oF 
‘they cin not be driven. Dimension timbers, the nearer square the better, minke, 
‘excellent piles. 
‘of arrangement of piling for railrond work are shown in figs, 132 to 136. 

For bents more than 10 t, high, the outside piles may be driven with a batter, | 
Monts 10to 20ft. in height have owe set of sway braces. Crossed diagonals of 3 by 
ne ale one tect wide ofthe beat, wuflc, fg. 140, Laght of more than 20) 
N. Ihave additional sets of crossed diagonals, with horizontal sticks between 


ject to Mooils, longitudinal bracing also is required. Tt 
Pury ai ickctiond Be obay sralag ov te ts shawn ia Bg. 38801 | 
lebent for water 10 ft, decp is snewn in fig. 187; Figs, 138 and 180 show 
it ncross the Portuges River, Porto Rico, and desiged to allow floods to 
sover it without other injury than carrying away the hond fail, which is lightl 
‘with that end in view. Figs. 140 and 141 show a type of pile bridge of 
built in the Philippines, 
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Fig, 1434 














Fig. 145 
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‘BRIDGES, 


‘may be driven with & basiner in, and of of 
sreter oF moderate ourrents, pee to the 


tal for the 


k device 
BS can be struck by the howa in fg. 14. or fear nes ths 


in 


ippine streams piles are often setting them up in position and 

Hope Sack ud Torts by gay lines ve twisting tues by aterge Oa 

‘of Camnillein River between Bayambang and Challe, 1-in, piles were 

sunk in the river to 10 or 12 ft. penetration. ‘The peculiar softness of bottom and 
‘the great weight of native woods contributo to tho sticoess of this method, 

“a y0n the piles of brie are tobe driven by hand, the following method, which 

oor ofthe bridge as a workin i has been found to work’ admir- 


enw, Bane, aad wed Oy 


of bis 
bent is driven at the wator’s edge, and connected with the shore by a bay 
of dels framo in prepared od sbown tn ig. 1424, The S408 of the 


forked tg embrace the bowtie aap. le foor frame Wt formed by labing 
r¥ to a trestle eap and placing a ‘This frame is laid on the floor 
vith tho free cnte bf tbe triogern andor te lat cap and Inshed tole 
ing up on tho rear side and down on the front side of the caps 
he new cap and the diagonal areon top of the stringers in 
no i raised at first by hand and Inter by the fore guys and rotates 
oe Tunpertagere tre 19ahod, hs toe fetes passes the verscal, fb 
lowered to n slightly inclined position (second stage). 
n plaged with it claws embracing the cup outdo of the 

‘and the back guys made fast at the tops of its posts (secon 

‘aro then revolved about the cap by sacking tier back guys 

is early horizontal (third stage). “Tt then forms a. wo 
of the next bent. By lashing the cap to a ren 
bans), Sia woient Si platorm aa Be may be ting 


two service pontona with balk and chess are 
shown in figs. 1M, 145, and. 146, may be impro- 
‘construction from the drawings. ‘the hammer is a log of 
Join, indiam, and4or54t, long, fattenel on opposite nies to Atk 
Betwean theleade Peis of plas aro insert noar the top and bottom of the b 
on to serve as gui 
form of fel pile driver is shown in fign. 147 and 148, Tt can bo cone 
ema and in pak by ebx men in about wx hours, TE (rolled 
forward on the lt. 
orm ot diver whown in fgn. 160, 161, and 162 aso tolls forward onthe tex: 
‘the last one driven far enough to drive the one abead, For 
‘henta the double leads, shown in this eonstrnction, are an advane 
they reduce the lateral shifting, besides doubling the rate of driving. 
8 mmnst be cut accurately to the plane of the bottom of the. 
Spleen benclogs. "it cot by hand, nails sculght eecly wok oo aoe SA 


oo Slee 
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Fig. 151. 
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the pile with tts upper edge in the desired plane, and run the saw on top of these 
strips, fg. 149. 

Yn the field pile driver shown in figs, 150 and 151, a swinging saw frame is indi- 
cated, When in uee it is hung from a pivot attached to the hammer. In starting the 
cut, the sag of the saw must be lifted until ite middle fs on line with ite ends and 
held so until engaged in the cut. 


69. Operating field driver, Ogs. 150, 151, and 152.—A bent just completed, over- 
haul the obifting tackles and attach them by'straps to the last cap: fasten blocks to 
the caps on the outside of the sills of tue machine to serve as guides; lush or soap 
the runners, and baul away on the shifting tackles to advance the machine the 
proper distance, Lash the heel of the machine to the trestle cap. As soon as the 
Jeads clear the ast cap the hammers may be lowered into the water to take off their 
weight. When made fest in the new position, haul bammere to the top of leads; hook 
onto plies with the boisting tackles and swing them in place; pass Ishings to hold 
them ‘and lower the hammer to ree on their tops. “Hola ‘and drop the hams 
‘until the piles are driven to the required penetration or resistance. Holst the be 
mers, bang the sw frame, and adjust to proper belght. While sawing off, book 
onto a cap with boisting tackles, aling it horizontally into position, and onto the piles 
‘as soon as sawed. Bore through the cap into piles aod drive drifibolte or treenalls. 
Spike on the longitudinal braces that stay tuie bent agaiost the pull of the shiftin 
tackles and advauce to the next bent. Other bracing may be placed after the plle 
driver bas passed. 

‘Above applies to bents with two piles. For driving four-pilo bents the machine 
shifted laterally on cross skids with tackle or with handspikes. When mul 
available they may replace the men on the hammer lines to great advantage. 


10. The supporting power of piles is not of peremount importance in military 
bridges of hasty or temporary character, since o slight ecttlement iv usually of no 
eapecial consequence. 

It may be eaid in general that the bearing power of piles will vary from 8 to 70 
tons according to the size of the stick, its penetration, and the churucter of the soll 
into which itis driven, "A frictioual resistance por aq. ft. of the aurface of the pile 
in contact with the soil may bave working limits of 200 to 800 Ib. The sinallor 
should not be exceeded in alluvial and soft soil nor the greater fn firmer material 
such as stiff clay, sand and gravel, or mixed materi 

If it fs necessary to insure against settlement, the following formula, known us the 
“« Engineoring News Formula,” may be used 


awh 
t= S41 









































in which 
L = safe load in Ibe. 
oat oer to tm 
A= fall of hammer in ft. (average of last few blows). 
A Pct ioe (nieefateatee That tee bom) 
‘This formula includes a factor of safety of 6, or is based on the assumption that 
eh Se ltnal npprtingcapuciyof the pl 
‘No pile formula yet proposed is absolutely reliable. ‘The above is one of the latest 
and simplest, and probably among the best. 


CRIB CONSTRUCTION. 


‘TL, In dry situations the cribs are built on the site and no fastenings are required. 
‘The is prepared to receive the bottom timbers, level and bearing firmly to- 
ward the ends and but lightly in the middie. ‘The ticks of the next course are Iaid 
across their ends, noting that they rest fair and do not rock. If logs are used, the 
endsare fattened sultclently to give bearing surfaces, With dimension timbers each 

‘which does not lay fair must be given a solid bearing by shims or wedges be- 
‘the next one is put on. These small pieces must be fastened a0 thet they am 
‘not jar out, The construction of a dry crib is shown in fig. 183. 
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The part of a crib that is to stand in water must be tled together and adapted te 
form s cage for the ballast, Enough of the ballast to overcome the flotatior of the 
‘wood should be s0 confined that it can not escape. For the rest, it is better to leave 
the ballast free to ran out through the floor of the criband fill any cavities in the bot- 
tom which may exist or be formed by the scour of the current. A crib may be given 
4 level bearing on a rough or loping bottom by holding it in the desired position and 
throwing in ballast which runs through. 


{lange crib may be made in compartments ot pockets, the interior ones floored to 
take the sinking ballast and the others open at the bottom to allow ballaat to ran 
through, figs. 154 and 155. A small crib made in one pocket may bave extra logs in 
the second course on which'a large rock can be lald to sink the crfb, after 
smaller ballsst may be thrown in around it, fig. 156, 


72, Cribs are built on shore usually on inclined ways, and when up to & sufficient 
height to form a substantial raft may be launched. ‘They are built up to = Httle 
moro than the depth of the water in which they are to stand and are floated to thelr 
laces. Tho sinking ballast is then placed in the closed compartments or on the 
F preparod to receive it, until the crib ia well grounded, By means of spars est at 
the corners with tackle attached, the lower corners may be ralsed until the orfb is 
Tovel, and the rest of the ballast thrown in. 

‘The construction of the sides of a crib must be adapted to theballas! to be used. Tf 
large stones azo available, the full interval may be left betwoen sticks as described for 
dry cribs. Tf the ballast is amall, the timbers must be gained together to make the 
‘paces smaller, and it may even be necessary to plank the sides of the crib. 


173, To resist the outward thrust of the ballast tho logs may project in full size a foot 
or two at each end, so that each one rests in a notch cut in the one below. A log 
‘may be split into quarters and one of these placed in each outside corner, nailed or 
pinned to each timber. For light cribs in shoal water the projection may be small 
nd a polo substituted forthe quarter log. Both of theee methods are shown in figs 
185 and 156, For cribs of squared timbers, two planks nailed or pinned in the outside 
comer, as shown in fig. 157, are best, 


14, On a bottom of soft mud it may be necessary to distribule tho weight of the pier 
over a greater area than its own bottom. For this purpose riprap stone is commonl; 
tused if easily procurable, A quantity is thrown in on the site of the crib and allowed 
to find its bed. When tho bottom is well covered and no further settlement appears, 
the top is roughly leveled and the pier sunk on top of the mound. 


If stone can not bo had, a raft of logs may be sank on the bottom and the pler built 
gn that. ‘The logs should run parallel to the short ade of the crib or plor, Aig. 162 
and 163, 


15. A pier placed in running water increases the tendency to scour in its vicinity, 
and if the bottom is erosible may be undermined. To prevent this, a flexible con 
struction of brush, called a mattress, may be used. Its construction and use are illus 
trated in figs, 158-161. 

A grillage of poles ia made on tho ground or on skids, and at every intersection 
stake is set eomewhat longer than the desired thickness of mattress. A double lash- 
ing is attached to the grillage at each stake, brought to the top of the stake, and 
loosely fastened with plenty of end. : 

Brush is now laid on in one or more tiers until the desired thickness 1s obtained. 
xn second grillage is laid on the top with its intersections at the stakes, ‘The lashings 
are removed from the stakes, passed around the upper grillage, and set up with levers 
and rack sticks, fig. 160. Such mattresses are usually built 1 to 2 ft. in thickness, 

‘The mattress fs launched and floated to its place, where it is sunk on the bottom 
by throwing on rock or other ballast. When in place the crib or pier is built on top 
ot it. 

The effect of a mattress Is shown in fg. 161. As the current scours under its 
outer edge the mattress bends downward, following the bottom until the scour cbsises. 
Tho mattress must be ange enough ao that this action atthe edges will not dlatar® 

e middle. 
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or different localities, o threo four-thirds the téngth Or oné of four tities'the Tength 
in the same locality, with obvious intermediate combinations. 

‘The principal parts in both forms of brid ie ‘pontons or boats; the Tongitudinal 
Peabore cgay fontng thers called bli: the cron planks celled chew spd the 
‘beams which ‘chess in position, called iu ion eamayt 

82. Inga gare aa sitpaee st eseaeen brides of 1 bays, or 2250." 

divided nto four actions, two af which are called pont actions and 
eee bingnceemeey arenes 
EePaee Stine nica mena ee 
Joa is equipage weighs, wagons included, 
St bridge, of without wagons 109 ibs seb assy a 


bridge 
ing oue oF more ponton uipage weighs, 
per ft, of bridge, or without aie viet 
equipage.—A division is loaded on 10 ight of them are 
and cary.cack & ponton, love inhar abl, ay, 
4 ax, hatchet, bucket, and’ 20, Iba: 
lanks only, 60 each, or e 
each a 


af boat i rhe si se heavy tat fare of wood, of 
tong aisplaceacnt, and cau cary : 
ly ea inp ese i Ted fl taba Ts. 
att Sot be ost os 
geawilcttrmts 20 eon ed tee are ots <b) » 


cht or canvas ponton is of 6 tous capacity aud weighs 510 Ibs, Its normal 
it aa Seno Grew, wack suo be Fedoed for uutavereble comilious, 


of the bridge is determined by that of the roadway, 
rep feos tha that of the pontors, With a fuctor of safety of the 
of the standard heavy bridgiof 5 binlks is 9,50 Iba.ot 
Detween the supports, or 600 Ibs. per lin. {t. ‘This is more than the weight of infantry 
armed and equipped in column of fours, but less than the Weight of such a column 
if byacheck. The corresponding concentrated center loud is 4,750 Ibs., 
‘whieh is about that on ‘one axle of a wagon of 5 tons gross weight, It is more than 
the field gun and carriage and 1,076 Ibs. less than the siege gun, Each additional 
B dds 165 Ibs, per ft. fo the safe uniform load, oF 1,280 Ibs, to safe con= 
entated ia Seven ‘will carry the siege gun with a factor of safety of 


or 11 in all, will ‘as much concentrated oad as the bonts will 


= ‘balks when used should be added in pairs and concentrated under the 


‘ud of» bay fe supported at one point only, a8 onun abutment anand: 
nore balls must be used forthe tae Jad aed span Ut both ends wre 
"304 more balke will be required for the saine Ton and apa. 
ouings should not be gxctedod except under yourua circuatancenand 
wit ra faution, With new an ‘ound material, in. an 
yaboiléer in charge of s-bridgewoutd. fe jaa eR 
‘or, iv other words, reducing the factor uf safety: 
‘on wheels may be partial ected ion by aka 
moje shear or ater. For she 
bouts be ald to ake tha wear OF ty athens 
tho loud.” A covering of hay or iy te rae 


rn ayter of Che i ht train bow, eayy, with equal ume 
ne pentetal Joadsand lr capacity = 3 ft. oe ‘uniform loads, a4 


soogle 
Google 
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the bays are shorter. The standard floor of 5 balke will carry as much as the boats 
wll safely support. 

Taste XXUIL 


26,,Names and dimensions of the principal parts of the light and heavy 
t 








Namie of part. Light train, Heavy train, 


Ponton, 93 tous --| 81 ft. by 6.8 Ion, by Bt, 
8, 








Canvas pouton, 6 tons 21 ft by 6 4 ine by 2 ft 
os. 


22 ft. by 4% by 436 ins 





Balke and side rails 427 It. by 6 by 6 ins. 













‘Treatle balke 21tt.8 ine. by Sby 6 ins, 

Chees -. i ft. by 19 by 134 im 18 ft, by 12 by 144 tos. 

Abutment site 14 ft. by 8 by 6 ins, 

‘Trestle cape, 2 pianke, each | 20 ft, by 12 by Zins, 

Tretle leas 16 tt. by 7 by 834 In. 
reatle 


Suspension chains. Min, by Bf. 













Oars. 7 18 tt. 
Boat books Sft., blunted pointe. loft. 

Rack sticks: 134 ins. diam., 2 ft. long ins, diam., 2 ft, long. 
‘Anchor. 7 ibs The, 

‘Anchor 3 ins. Bins, cir., 2401: long. 
Lasbings circ, 18 tt, Jon - 8 ft. long. 
Canvas-pont | No. 0000 cotton duct 


Ponton chest 8 ft. long, 2 ft, 4 ins, 


18 ins. deep. 











Tasue XXIV. 
87. Weights of wagons and their loads: 





Light train. Heavy train, 





Kind of wagon. 
‘Wagon.| Load. | Total. |Wagon.| Load. | Total. 





Lb, 
1,750 
1,750 
1,750 
1,700 
2081 











88. Boat bridges.—When it becomes necessary to use boata found on 
or elaewbere, sols thone as neatly of one siz es pose. "Of thos, woo the largest 
for the shore ends and for the swiftest currents. Estimate their supporting power 
roughly by comparing their size with the ponton boat, heavy or light, or compute aa 
in par. 100. Support the balks on saddle sills and transoms blocked up from the 
frames ofthe boats, If boats difriag very much in displacement are used, make the 
bays supported by the amall boats shorter than those supported by the larger ones. 
Avoid getting s very large and a very small boat adjacent, ‘Tho floor system may 





Fig 178 
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Gielgud ia yar. 39 for spar bridge, With eow-buit eet 
an Tee es Sa 
‘Bitoriiy altrvats nn hy bags roa at decks ued or 


‘boats themselves. different shapes and sizes, such a bridgo 
po atonapted wit great fotion som ‘only under exceptional circumstances, 


). Barrel plers.—When barrels are w cated ler tx ba mee By 
aceamcent ibe of thea i ‘of timbers or lash 

a ‘50-gullon barrel bas hhoyancy of about 400 Ibs. =e 

et 0; those of other sen In proportion to their capacity. 

ny barrel or keg eau bo ined with sufficient accuracy 


iaen fall ck-vater sul apuin when cmpey; tho: dlference will bo ty 


Speerectaret hariels required fc -a pier is obtained by dividing the total load to 
horue hy ths suprerting Seber of aR. Amare of coast 
* ie of s pler urantiuct be eompletaly nub 
In formirig the piers the barrels are out in xe, ee phe bs bung 
6 gunwale imbere are placed over ater rope slings: 

to the Sera end of the 


afta no formed my bo united foto larger ones as indicated in fig, 174. 
timber is available the best method of forming a barrel pier is to make ah 
-crib of lumber or timbers nailed, bolted, or lashed together. If the 
RE a 
ings. Fig. 176 shows this method, 


Batts of timber may be med, for 2rHlonting plera when other 
Hof at hand.” They are durable if not disturbed aid secure aguinat 
hos ‘defects ‘are, small and decreasing bacyancy, grest welph\ 


Cc: a aaallh ‘may be obtained from thé following rule: Find 
‘efre, at middle point in ft., multiply it by itself, multiply this product 
and multiply vain by'the length of tho stick in ft. ‘The result wi 
‘of the stick in cu. f., which, multiplied hy the difference between 62 
tof a cu. ft. of the timber, ‘gives ‘the supporting power in Ibs, whea 


¢ Find the net ‘uayancy of pig fog with a middle girth of 6h anit & 


'39 ft, and which weighs ee, fs 
Folume in cu. ft, = 6X 6X 0,08 X 35 = 100.80 cu, tty 
Bs = 100.80 X (6234 — 40) = 2,268 Tbs, 
fof this ns availablo buoyancy, a bridge of 7 such logs in each 
Oyen casey. the maxinum otantey Tone calculated ‘in pat 
‘the heavy brite, 


: of the rafts is done in tho water if possible, 
bby side 8 boint upstream, fs 177, The upatream cota ect el 
‘on the: ‘side, fig. 176, ‘The logs are held together by cross tiebers pia 
ores the wpe, “Where the loge are of small sige additional atic may 
‘between the othees, two oF more coursos may be built 


of erat Tight angles to those below. ‘The latter method las bee 
‘in constructing rafts of bamboo, 


n © of floating Dridges.—The anchorage of the piers of float cing 
“err yo importance, ‘The piers should be so constructed aud places 
ths tonal sbstraction tthe ourteut in nontitel sireame nll the Bow 
‘plnced upstream; in tidal estuaries they should alternate up and down streata. 
‘plers near'the shore should bo secured by strong eables to rocks, txews, or Sanh 
‘on the shoreabove and below. 
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Military Bridges, 186-193. 


ig. 187. 
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‘The guard will he trac over the bridge and enforce ofre to 
‘way of vehicles desiring to cross in opposite Sy nie taal bese 
abine Sean those precttses lor tan pertiedic Bdge dovwor ecto, 

‘This oMese in charge Of 6 Hoeting bites mst frgneny theese the ables an 
that they aro not nbd that tho aathors do noldreg’. Mi will everest 

to be tightened up when they work loose and see that boats are bailed oF 
veton Gey Jak or ship water. | mltable depot of pare Dali Soor plank nd 
ete, te ecablied on shore near ous end of tho bridge. ‘he guatd wil 
stationed at the same end. 

Ice, if thin or rotten, is a serious obstacle to crossing a stream; if thick and sound, 
ities very good bridge ital,” Boats uaed in le mut be protected with hain 
Pivces, epecially near the water lineat the bows.” Heavy ice, rapidly ‘maker 
& crossing impracticable, 

‘With sound ice, infantry may pass on 3 ins. thickness and cavalry on 4, but with 

intervals.  Fieldpleces ave safe on 6 ins., and fee 10 ina. thick will ‘any 
‘that an army is likely to have, 
vecad may be carried on lester thicknesses or on unsound tee by 
fs. Infantry may cross on lines of planks, ‘The wheels of aay be 
ided on planks. Wagon boxes may be placed on boards and used ns sleds to Cross 
supplies, Animals may be hauled across on platforms. 

In shallow lakes, springs are apt to canse weak spots. should be 
examined by shopping through the ice at frequent in cn vo detonate fe ele 
nest and quality, and when « safe track is found it should be marked on both sides 
by bashes stuck in holo inthe ics, 


BARGES. 


anges of eels, 23k: constmption ore shown tape 
age O dying riage ed Cunttanooge es 
or fying sed 
ns over the Tennessee River. It will 
four Emule teams and wagons besides infantry and cavalry. ‘The cable was 
to.an island above and was supported upon three floats.” ‘The connection with the 
Boat was made Ly a rope with both endy fastened to the end of the cable, 
{through sunteh blocks at the bow and stero of the hoat ou the upstream 
‘a windlass at the middle. ‘Tho velocity was controlled by turning the 
{tae fo gira the hull the proper direction with respect to the curreut." Leeboard 
bow nd stern were used to cutch the current and increase its force. 
In awift currents the scow can not be held broadside to the stream. ‘The 
auust then be made across instead of along the deck, ‘To make the bridles, a 
end of the main cable at the middle of the bow. "Stop the bight of a line to 
60 to 75 ft. above the cow and lead its ends to tackles on the starboard 
ect eldes, Br slacking the port tckle abd bolting the starboard ble 
to the right, and by the reverse process bridle is formed to the left ig. 85a, 
itbe desired to stop quickly, a8 on landing or avoiding floating objects, let ‘tt 
tackles go and the scow rides at ease on the main cable. 
Fig. 196 shows a smaller barge than the preceding. Tt is operated by the 
the current, but by means of a traveler or trolley ranuing on a 
heron the stream, Tt wil enrry two field pieces with four horses each, side by 
It differs from the former one in having the flooring on the bottom of the ‘bo 
inntead of being decked. For temporary use, loose planks called dunnage can be Iaid 
‘on the bottom frames. 
196 to 199 show a type of barge easily built by ordinary carpenters. 
Ieethittbottom ai opr “Place wists or ways on or oor "gcd 
ech other aud about 10 Tt, spare with thelr appee tee ta 
Hlightly lueined, Get out thn guawales couplets, with tuberkeadeutiugh 
place on the ways in their relative positions, but upside down, Bui 
termediate frames in thelr relative positions also upside down.” Plank the 
‘making close joints on the inside and beveling the plank at the edges 408 to 
44% to 34 in. open seam on the outside. called onigauge and facilitates 
7 is cattaehond Dyooks ad tne corner Areas. use call and soak te 
fuawales by spiking a fow deck planks ov, Sle Was bares into Yue 
aide up. 
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:. ‘the 
Barta Ss Se Soare 


king cotton comes im stand wri 23. salle ant 2+ -wty fcr Sowing. 
(ems should be well Set with meseria: &vem bart 

1 recalking, the oid wre shocid be bicend wy. wisck 2+ Gone ty esiving 
1 the large tooi asd a anare. 7 
de scam is finiabed Vy a poping wah jaa ic xk 

stain marice aninale omcroy Gur “7 cating the ak 
ved by lasing a strum :¢ carotwime: > oe cae! athe 
red tothe planks ty eayiea, If th+ same ace wie, wise, 








>ture the bange over lay ber akeeg tie terk Fate tw: Lass to the cateide 

wales, pass them under te beat. ao! rad wel tjacvam Stcvel earth on the 

= Teen flack off tbe upger lime, 

1 the barge Lies with one 

2 ‘spd the coment will right 

boat A derth of water of seapembs he width cf the boat and a 

ig miles or Licr are Becemmrs t the ecccew of this cperation. It ia 

Toonvenientiy deme at the abore, tat may te dene ia the stream or in slsck 
wwif'a tug or other means be available t. set strain on the Hines, 
























Berta, 42 pieces, 2 by 
Braces, 4 pieces. 2 by 
‘Timberbeads, 4 pi 

Deck stringers, § pice 
Floor stringers. 3 pieces, 4 
Rake stringers, 6 pieces, 





Driftbolts, 4, 34 in. by 2 ft. 6 ins. 
Driftboits, 4, % by 12 ins. 
Daiftbolts, 4, 94 by 8 ins. 
Carriage bolis, 20. 94 by 9 ins. 
e bolts, 12. $2 by 12 ins. 
Spikes, 6-in., 150 ibs. 
kes, 5-in,, 250 Ibs. 





ner bands, 4, by 4 ins. by 4 ft. 
Countersunk-head spikes, 40, 34 by 4 ina. 
Oakum, 30 Ibs. 


Pitch oF seam paint, 5 gals 
gs. 200 to 206 show a skiff easily constructed and valuable for a number of pur 
a It may be 18 to 26 ft. long, with parts proportioned as in the drawings, 

ge. 207 and 208 show a design for a 10eft, barge. This barge ts of greater 
enstone than any of the preceding and somewhat more elaborate In conatruction, 
‘as designed specially for carrying stone and would be useful In heavy water 
taportation generally. The construction is shown in detail and to acale, and Ia 
ain the limits of ordinary rough carpentry, It should be built on waye, top aide 
‘and planked from below, 
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acktzapt in some of the simplest forme, the parts of « trum are subjected to tension 


power 
109. ‘The simplest form is the trussed beam, in which » part of the load is taken up 
at an intermediate point and transferred directly to the ends, figs. 218 and 219. 


truss, fig. 215, two points of the beam are supported, fo1 
‘The counter braces in the middle panel are frequently omitted, 
‘combination of two triangles and a parallelogram is not rigid and 

‘As half of the bridge is loaded the other half tends to rise, permit 
to sink, the beam taking the form of an 8. If the beam be stiff 
enough to withstand this double bending effect the bridge will be safe, but no 
stronger than if the beam were divided into two bays instead of three. In this form 
each post carries § of the total load, dead and live, on the bridge, all of which is 
tranmnitted down the corresponding strat. 


110. The stremes in king and queen post trusses depend upon the load and the 
inotination of the struts, ‘The load may be stated in tons or Ibs. for the entire bridge. 
‘The inclination of the struts is represented by the ratio between the height of posts 
‘and the length of bay. 

‘Besides the stresses on rods and struts there is 8 tension on the beam. It varies in 
tho same way as the other stresses, and sufficient cross section must be given the 
‘beam to withstand it, in addition to that figured for the transverse strength. In the 
queen-post truss the upper horizontal member or straining beam takes this same 
stress, but in compression. 





Tamu XXV. 


111, Stresses on members of king and queen post trusses in terms of total load 
on bridge, for various inclinations of struts: 























King-post. ‘Queen-post, 
Ratio of height of post to 
Tength of bay. Stresson | Stresson | Streason | Stress on 
each strut. | each beam. | each strat, | cach beam. 
1 2. 8. 4 5. 

08 2.50 2.49 3.33 
15 om | oa | re 
Qastomary range Yo. 29 0.64 0.62 0.85 
for Inverted trass. Jo 95 0.62 0.50 0.69 
0.80 0.42 0.40 0.58 
(0.40 0.34 0.81 0.45, 
50 0.28 0.25 0.87 
Customary range 0.10 og | ot | oe 
for erect truss. 0. 80 0.20 0.16 ost 
0.90 0.19 O14 0.25 
1.00 0.18 0.12 0.28, 
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On these transoms should be 4 by 6 ins., spaced 18 ins., c. to ¢., for single, 
and $0 in, ¢, toc, for ‘Planking, See paz. 18a, p. 243. ne 
If the beam of the truss has not been designed to take transvorse strains, the floor 
transoms must be placed at the panel points on the beam, or hung below them, as in 
fig. 232, Suche transom must be strong enough to take the load on one span of 
the bridge. |The stringer, spaced as above, must be increased in sito for their 
longth. If « queen-post truss, it will be necessary to introduce the di 
‘onal counter braces which may be smaller than the struts, One must run througi 
nd the other be mado in two plecee eo that both counters may be in the sume 
lane, fig. 232. 


119, The Fink truss, figs. 320 and 221, isa superposition of king-post tramses. It 
\gpracticabe inthe inverted form only, but may bo elevated on postong shown iu 8g, 

Tn thi case all the posta are best made of equal Tength to form {he supports of 
the roadway. A primary post supports the middle, which becomes a central support 
for two secondary trusses, and the two points supported by the secoudary posts BB, 
‘become in tarn supports for four tertiary trases CC, and 90 on. The stresses in the 
primary truss are worked out as in paragraph 118." ‘The stresses for secondary and 
‘tertiary trusses are worked out in the same way, taking 3 the load on the bridge for 
She gacomdarion and 34 forthe trcnree. The detale‘o fastenings are shown fn 


120. The Howe truss, fig. 226.—This useful form consists of two parallel chords, 
‘usually continuous built-up beams, divided by posts in tension into equal panels, 
each of which has diagonals incompression. ‘The upper chord is in compression, the 
lowor in tension. Each chord is made up of three or more parallel timbers of uni- 
form size, with lengths adapted to properly distribute the splices. ‘The timbers are 
separated by the diameter of the largest rods eo thatthe latter may passthrough the 

spaces. ‘The main braces are one less in number than the pieces in the chord and 
‘but, top and bottom, against angle blocks of metal or bard wood, triangular in sec- 
tion ‘aud extending entirely across the chord. Against these blocks the counter 
braces, one less in number than the main braces, also abut. ‘The vertical rods of 
vach post are equal in number to the main braces. The relative positions of mem- 
ers at the panel points are shown fn figs. 227 and 228. In permanent structures & 
cast-iron angle block is generally used, ‘The ends of struts abut squarely against the 
ends of the block and are kept in place by tightening up the nuts on the rods. Iron 
tsngle blocks are formed to hold the braces in place even if slightly loose. When 
‘wooden blocks are used, cleats should be nailed on or dowels insorted in the ends of 
the braces for the same purpose. The timbers of the Howe truss are all equare- 
sawed and have no mortises or tenons, 


121. The stresses in a chord of a Howe truss are a maximum at the center and 
when the truss is loaded throughout {ta length. This maximum stress — the total 
Joad on the bridge X span in ft. + 16 times height of truss in ft, 

‘The chord stress in the end panels will not exceed 34 the load on the bridge unless 
fhe length of the panel iy greater than its height, which should never be the cue, 
Between these lower and higher limits the chord stresses vary, but not by equal 
increments. The change is more rapid near the ends and less so toward the middle. 
For wooden trusser, convenience in framing requires that all chord pieces have 
‘one dimension the same, and it is not customary to make more than one change In 
‘the aggregato chord sections. ‘This is done by bolting extra timbers on each side 
of the lower chord over its middle third. 


122, The sremes in the braces are greatest at the ends-and least in the middle. 
‘The maximum stress in tho end brace ia 34 the load on the bridge divided by the 
Tength of the post and multiplied by the leogth of the brace. It will not exceed 
of the total load on the bridge, unten the panel height is lees than the panel longi, 
‘which should never be permitiad, The maximum stress in the middle brace will ot 
texvoed 34 the total load'on one panel of the bridge, divided by the length of the post 
fand mufdlplied by the length of the brace. Between these limits the-stresees in the 
braces rary uniform. 


123. The strewson in verticals are greatest at the ends and least in the middle, The 
maximum stress in an end rod will not exceed 34 of the total load on the bridge. 
‘The maximum stress in a middle rod will not xceed 34 of the total load on one 
panel, Between these limits the stresses in verticals vary wnitormly. 
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‘The 8-panel trass requires counters in the panels adjacent to the center of 
strength of the main in the same panels. No other counters are req 

‘The 10-panel truss requires counters in the same panels of 3; the strength of the 
main diagonals. No other counters are required. 

For a ratio of veto dead loads of 2 tothe panel tras coast 
ambddle panels of 34 the strength of the correspond 

rire coustors in the same panels of 9 the sength of 
tnd te lospencl true roguives soustare fo the sane panels of epee degoaals 
the main diagonals, 

For ratios greater than 2 to 1, and especially for rapidly moving live loads, the 
center counters should be ¢ equa othe aia dagonals, ‘and counters of half the size 
should be placed in the next panels toward the ends. 

‘hove rules apply principally to trusses in which the inlined members are of metal 
‘and for which the areas can be conveniently varied. In the Howe truss convenience 
of framing has mede it the usual practice to put counters of uniform size in all panels. 


Tastx XXVII. 


124, Dimensions for cach of two Howe trusses of a 

Authority, Tratwine,  Worieg aces of timbers S00 Ibe pe ‘Tes, por oa; in, rene 
ig stress of fron, n dnpoo le perag In Toe middle hid of each 
must be reenforced by 3 of the cross section given in the table. 



































{4 | Upper | Lower Center 
_| |B | euont. | chord, |Bndbrace,| ‘price, | Counter. 
g| [sa 
a] |ealy | if a 5 
HA Ae BL ic. |B se El se. [ 
bale |e z lz a i 
nln tn | | ame | | tna, | | tu, 
%| 6 s}3) Sx 6) 3) Bxis}o} 5x 8] 9 5x o|1| 5x 6 oI 

9} al 6x 95) Gxi4) 2] 6x 9) 2 5x 8/1] 5x 8] 2) 
75) 12, ol 8) 6x12) 3) 6x14/2} Gx11/ 3] 6x 8] 1) 6x 8 3 
100 15) 11] 3| Gx 14) 8} 6x16 2 8x12) 2 6x10 3] 6x10 a 
125| 18) 12] 4] Gx14) 4) 6x16) 9) 9x14] 9 6x 121 3] 6 x19 oI 
50] 21} 13] 4 8x a) 4] 8x38) 3] 8x14) 8] 6x10) 2] 6x10 3 
373] 24| 14] 4| 10x16) 4] 10x 20) 3] 8x 15] 3] 8 x 10) 2] Bx 10) 8 
200) $7] 15) 4) annie 12x 20| 3] 9x16 3] 8x14) 2] Bx 14) 3) 
‘The above dimensions will be safe for a double-track highway of the same 


‘or for a single-track highway bridge of 134 times the span, the number of 

panels being tncressed one-half, "Spans greater than 160 ft. shoud sot be 

in the field unless the difficulty of obtaining an intermediate support is very great. 
‘Tho ond posts and the upper chords and counters of the end panels of the Howe 

tras are not necessary and are frequently omitted, Fig. 231 shows the details of 8 

5o-ft, truss so designed. 


125. The safety of existing bridges may be tested by the rales for maximum stremes 
agtren above, Thi 
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‘To determine the safe load on a bridge of two tremes of the dimensions given in 
the table for 100-ft. spam. 

‘Maximum chord stress = Toad X span + 16 times height of tram. 

Cross section of chord at middle = 228 sq. ins. At 800 Ibe. peraq. in., the total work- 
ing strom = 115 tons. Hence, 115 = !904 X10, or load = 276 tons, which divided 
by the span gives 2.76 tons load, live and dead, per lin. ft. 

For an end brace, (wo # X 13, or two 19 x 10, 1734. long, working toad, Table 
IV, 35 tons, divided’ by length of post, 15 ft. = 2.33% length of brace, 173 fi. = 44 
tons X 4 = 176 tons total load, or 1.76 tons per lin. ft. 

For the verticals: The area of two rods 234 ins, diam, — 11.83 69. ins. At 12,500 Ihe, 
per eq. in., the total working stress = 74 tons X 4 = 396 tons total gross load, oF 2.96 
tons per lin. ft. For a middle post, the area of two rods 13 ins. diam. — 3.53 oq. 
‘Ing, af 12,800 Ibe, == 22.1 tone-+- $4 = 38 tons panel Joad X11 .2 308 tons total foad on 
11 panels, or 8.08 tons pet lin. ff. 

‘The value 1.76 tons for the end brace is the least and is the aafe load of the bridge. 

te the dead load per ft. and aubtract it from 1.76 tons: the remainder will be 
‘the eafe live load. In this caso the safe live loed is about 1 ton per lin, ft. 


126, Pratt truss, figs, 229 and 290,—The form and the distribution of strosas 
fare the same as the Howe. The disposition of materials in web members is reversed, 
the verticals being of wood and in compression and the diagonals of metal and in 
tension. ‘The arrangement at panel points is modified accordingly. The chords are 
the same as for a Howe truss of the same span, height, and load. 

‘The Pratt truss is frequently modified by giving its end panels the same form aa 
shown in the 60-ft, truss, fig. 231, the end posta, upper chords, and rods of the end 
‘panels being sappressed and a brace run from the end of the lower chord to the end 
‘of the upper one, 

In both Howe and Pratt trusses care must be taken not to introduce unnecewary 
initial strain by setting up the rods too tight. The upper chord should be 13; ius. 
Tonger than the lower one for each 100 ft. of span; the excess to be divided 
‘among the panels. This prevents the upper chord ‘becoming shorter than the lower 
‘when it is compressed and the lower one stretched by the load. ‘The effect when the 
bridge is light is to give the truss a slight crown or camber. 


197. Erection of. trusses.—A scaffolding or falee work must first be erected to 
sustain the parts of the truss until they are assembled. ‘The false work will be ondi- 
narily some form of trestle construction. ‘The bottom chonde are first laid with thelr 
ends in placeon the abutments, and leveled. The top chords are then raised on tem- 
‘porary supports, footing on the false work. to positions a few inches above their final 
‘ones, 80 that the web members may be slipped into place. The top chord is then 
Jowered until its weight comes on the braces in the Howe, or the poste in the Pratt 
truss, Tho nuts are then tightened, working uniformly aloug the entire truss, until 
the camber is developed and the middle of the truss rises, leaving ite weight wholly 
‘on the abutments. : 

1128, Commpletion of the trusss.—The floor transoms aro placed at the panel pointe, 
In the Howe truss they may hang by the rods below the lower chord, if w through 
bridge, or rest on the upper chont if @ deck bridge. 

For the Pratt truss the transoms may be doubled, resting on the bottom or top 
chords on:either side of the panel point aud ea near together as possible. The floor 
system is completed by stringers and planking, as in paragraph 118. 

129, ‘Truss bridges require Ia‘eral bracing to withstand wind pressure and reduce 
‘vibration. It consists of a horizontal truss connecting the top chords and another 
connecting the bottom chords. The truss between the louded chords should be pro- 
Bertiqne by the foregoing rae for oul of 900 Ibe. per lin. ft. if «highway or 460 

. ita railroad bridge. ‘Tho truss between the other chords should be proportioned 
for ¢ load of 160 Ibs. per lin. ft. for all bridges 

‘The lateral trusses may be of the Howe or Pratt type. If the Howe, the braces 
must be in the same plane, one solid and the other framed into it, like the counters 
of the queen-post truss. ‘The ends of the braces must be held in placo by cleate 
spiked oF bolted to the chords, or if irom angle blocks be used, by flanges cant ou Cush 
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‘Ifthe Pratt | be adopted, the ends of the posta must be 
the loaded chords the road transom serve as posts of a Pratt. ‘tay be 
completed by the iron ties and without ‘the chords. ends of the 
transoms are as angle blocks, 

Generally the Pratt type will be best for the loaded chords and the Howe for the 
other lateral. 


bowstring truss which 
vows which can be constructed 


Lay out the truss by drawing on the 

the inner surfaces of the ct 

Along these arcs drive stakes, around which ben 

heh ofber bat not to the stakee, The boards are 1 by 12 ina, the upper 

Slayers the lower 6. ‘The Doarda bros batia and are nailed about ovary €ine, 
wit ‘nails; bolts or €-in. spikes should also be driven through the lower 
Intervals of 6 to 12 ins, Bolts ¥4 in. diam., set up tight, are the best, iy 
‘The truss is divided into 10 panels by posts of 2 by 12 in. plank and tiesrods 
in. fron at each panel point. “Main and counter braces of 2 by 12 in, page| 
in all the panels except at the ends, which are filled solid i he 
chords are nailed to the blocks andthe whole bolted through from 

with 5 or 6 bolts at each end. - 
It will be found advantageous to cover the boards with a mixture of pitch and: 
Vetore they are nailed together to increase friction between them. 


‘Tame XXVIII. 


181, Bill of 
$2, Dill armantertals required for. two double, bewstriag plesicitnaans 


‘Lumber, 1 by 1 


; but suffice a8 a basis of estimate. ‘The 
‘Of 600 Ibs per ft. on a span of 60 fi., and 


‘The roadway can best be carried on the top chord. ‘The transoms should be at the 
. The ‘one and the twoon each side of it may rest directly on the chord. 
at 3,4, and & tenths of the span from the middle on each side should be 
blocked up from the chord, 0.005, 0.010, and 0.018 of the. span, respectively. ‘This 
je. a camber of ge of the Span. With the roudwsly on fop, the trusses 
i. na indicated in fg. 235, 
necessary to keep the trusses up, as for example to get above high water, 
way may be carried between or below them, If between, bolt ie ttagsoms 
extend them beyond the trusses far enough to receive steadying 
‘The end transoms may rest on the abutments aud the next ones to 
‘Stretch a line between the tops of the two which 
nd, raise this line st the middie post by the amount of camber 
on, each intermediate post the point where 
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‘Tanux XXIX. 


135. Data for calcflating main cables for suspension bridges; suthority, 
‘rautwine: 














ooo eyate To ages Te ; 
2 age | 234852 $75. | Sige §) 
fz | g22 |gastgg | 2882 | g55* 5 
42 | 298 [calcte | Suny Hai 33 
ai | ity |gedelds | aeut ai is 
es | Bees | 2g258. eeae | eal. ae 
§ gsce | gRuaese S83 BEF a 
Saleisha é EY i 
1. 2. 3. a. 5. 6. 
1,012 1.98 1,870 14° 55" 28.625 
Cos Us tuo | eer | dso 
Loe 140 ceo | mele | ares 
1,018 1.57 1,490 18° 3a 18,500 
1,022 1.46 1.370 19° 59” 16. 625 
1.026 1.35, 1,250 a1o48’ | 13,000 
1,083 1.23, 1.120 23° 58" 10, 625 
1,081 11 1.000 26° 33" 8.600 
To car oer mew =| Ges 
1.070 0,90 0.750 (38° 41’ 5.000 
too 0:80 Ct 














The above table ls based on tho asrumption that the carve of the main cables as 

vw not atrictly correct, though near enough for all practicel parposss. 

For ratice of deflection in the table, the curve is, ree the segment of a aires 
‘the radius of which may be taken from the 6th column of the table. 


196, Having the epan and total live load on the bridge, to determine the total area 
of the cables, compute the dead load as in parsgraph 4; add the live load to itand 
maltiply the sum by the factor in column 8 of the table corresponding to the 
ratio of deflection. | Multiply this renult by the factor of eafety. The product wile 
the ultimate strength which all the cables together should have. This divided 
‘the number of cables to be used gives the ultimate tensile strength of each one, 

{ta size and composition may be determined from Tables IX, X, or XXX. A lowe 
factor of safety is admissible for wire than for most other materials, as it is very 
homogeneous in stractare, 





‘BRIDGES. 239, 
Tanue XXX, 


Mies ded load 100 te porta, fos rato of datecton fe 





‘Number of parallel steel wires in main cables, 





No. 6. | No. 7. | No. 8. | No. 9. Nona) Noa No.12. 
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deflection, less than }, increase the tabular numbers 

‘of the dendminator above. For other loads, greater or less, increase 
‘mumbers pro rata, 

‘No.8 steel wires are required for the main cables of a 

deflection yy, and a gross load, live and dead, of 600 


= 
ob 
Fe 
i 
7 ee 


1 105 ft. span, No. 8 steel wire, take 44. Add for change of ratio of 
from } to Ys, § or 44, making 583g. For change from 300 to 600 Ibs. load 
ing 117%. Take next even number above, 118, which is the 
If two cables are used, make each of 69 wires. 
If the cables are free to move on the tops of the 
.ys will always be the same as that on the cables. 
stationary and should be massive. 
tops of the towers, the tonslon on the backstage wil 
less than, or greater than the tension on the cable, a 
fap ot the tower tn geal tole tonay o gnebentne 
tis Usually best to make these slopes equal. 
the towers.—Whon tho slopes of cables and backstays are 
each tower will be vertical and equal to the entire weight and 


‘than the weight and load of clear span. 
¢ horizontal distance from the foot of a tower to the 
r. Tu stich case the tension on 
total weight and load of the clear span. 


Making cables.—Three-quarter in. wire rope welghing 92 Ibs. to the 100 ft, 
‘usually be carried in lengths suificlent for Suapension spans, wad -wG 
the most convenient form. 


ogle 
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If ordinary wire must be used, cables can be mace by stretching wires, seven isa 

umber, close together and under equal erala, and bindhag’ thom togethor st 

arvala of aft. with mariine oF wite, “if sbort cables are required, thane may be 
saved by making one of two or more times the length and cutting it in pleces, 


Ul. Amchorages.—Theee are of primo importance and must be secure and a: 







rock or large bowlers are the best, but require care and some skill in making 
fantenings, Heavy staples leaded or wedied into holes drilled into the rock will 
‘usually be moxt convenient, If Portland cement can be had « grouting will bold 
the fron firmly after it is set, Sce alto description of deadman, paragraph 49, 


142. Towers.—Large trees will be used if avatlable: otherwise trestles of timbers 
tee paragraph 64, With high banks it may be feasible to start the cables from the 
surface of the ground or a short distance above It and provide approaches to a de 
Premed roadway us indicated in fig. 238, For low banks the roadway must be kept 
bore the grado us in fig. 239, the backstay carrying it beyond the tower. 

The towers must bo high enough to bring the snpports of the cables called saddle 
abore the level of the roadway at tho tower by the desired deflection plus yy of tbe 
‘pan, aco paragraph 131, 

143. Placing cables may be done by hauling across tops of towers, or by 
out cable from one anchorage to the other and taining the Lights to the tope of the 
towers by shear poles, fiz. 240, The enblo should hang in w bridle, fig. 241. In the 
former caso the cublo will usually have to be slushed, which ie an’ inconvenience in 
tho mubsequent operatio 

‘The andille should be a smooth, firm bearing, sufficient to take all the cables side 
by alde. In binding the small cables together’ to form a lnrger one, adopt the most 
compact arranxement, the outeido straniis xa they lie wide by aide on'the saddle gea- 
‘rally going into the upper half and the central ones Into the lower balf of the com 
ploto cable; and note carefully that the arrangement ia identical a tute, no that 
the strands do not rife or crore each other anywhere, The bunching should Include 
the backatays, but need not be carried across the towers, leaving the strands fiat 
‘on the saddies, Several groupings are {Mustrated iu fig, 24% 

In elther method of placing. the cables should he permanently fastened at ove ond 
and be connected with the anchorage at the other end hy a luff tackle, to be uned fs 
adjusting the length, When the adjustment is finished, this end is’ made perm 
nently fast and the tackle removed. 

U4, In clear weather the dip of the cables may be determined by direct obserre 
tion. "Fix the clevution of the hattom of the trangom at each tower, and above it 8 
distance equal to yy of the span, fusten a batten of atretch « ine hortsontaliy. 
‘Adjust the cable oo that its lowest point ranges between the battens or Lines. 

If wind, fog, or darkness prevent thix operation, lay the cables out side by siée 
Vefors they are holated up, nrul put then under as uatform train as possibl 
cach with 8 few tarns of soft wire, an near the point where it will rest on the onddes 

Tetween marks on all the cablos must be exactly 
‘uljust them so that these marks col 


and the detections will be waficiently uniform to develop the combined strength 
the strands. 


145, Lengths of slings dep 


















































upon the curve of the main cables and the camber 
of the romlway. ‘The latter must be literal in field auspeusion bridges. ‘The cablat 
will stretch, especially thow made of wire rope, ant the auchorages and tower foo 
Ange will give more oF low. One-fiftieth of the span will usually be enough. 

The lengths of slings aro reckoned from the cable to the lower ade of the transame 
in a vertical line, fig. 213, ‘They must be determined iu advanco and adhered 1 
during construction, rourdies of the appearance of the bridge when partially dons 
When the roalway is completed ¢ 

From the following table the lengthe of slings at intervals of yy of the span, start 
ing from the middle, may be readily determined. 
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Tanta XXXI. 


146, From the line corrieponding to the ratio of deflection tae out the waoosative 
factors and multiply each by the span in ft: The resulta will be the lengths of slings | 
in ft. at the corresponding points on each side of the middie, 

ike the angth of the middle sling is 0, the middle transom will rest directly on the. 
cable. If transoms are not of same depth allowance must be made for the dif . 

‘Note especially that these tabular lengths do not include any fastenings. Be sure 
to add enough for that purpose, but when the fastenings are made see to it that the 














distance from cable to bottom of transom is precisely the corresponding tabilar 

In this table allowance is made for a camber of zy of the'span in two straight lines 

from the ends to the middle, 

3 : Distance of sling from center in parts of span. 

7 : 

Hfcw [ox [ow foe [om | om fom] om [ow 
0.0088 | 0 0107 0.0720 | 0.0968 | 0. 1267 | 0.1620 
0.0084 | 0.0087 0.0634 | 0.0840 | 0.1074 | 0.1336 
‘0.0083 | 0.0080 0.0670 | 0.0762 | 0.0960 | 0. 1192 
‘0.0088 | 0. 0064 0.0519 | 0.0884 | 0.0871 | 0. 1080 
‘0.0080 | 0.0080 10,0480 | 0.0880 | 0.0800 | 0.0980 
0.0029 | 0.0076 0.0447 | 0.0685 | 0.0742 | 0. 0916 
0.0028 | 0.0073 0.0420 | 0.0548 | 0.0893 | 0. 0866 
0.0028 | 0. 0071 0.0397 | 0.0517 | 0.0852 | 0. 0808 
‘0 0027 | 0.0069 0.0377 | 0.0490 | 0.0817 | 0.0759 
0.0027 | 0° 0067 0:0860 | 0.0487 | 0.0587 | 0.0720 








—Wire will usually be the material used. 








‘The load on each sling may be total load, live and dead, divided by the 
number of slings. It is really somewhat less. Knowing the sizo of wire on band, 
divide the number of wires of that size which are used or would be required for the, 





main cables, Table XXX, by the number of slings. The quotient will be the num- 
bor of wires of that size which should be in each sling. 

‘Tho slings may be made single and fastened at top and bottom by loops around 
cable and transom, or, more conveniently, made of half size and double length, 
taking a round turn of the cable at the middle, bringing the two ends around the 
‘transom in opposite directions and twisting them together on top of it, fig. 243. 

‘A very usefal attachment of wire to wood is made by means of & nail or spike 
partly driven beside the wire and the head bent over so as to embrace the wire Ike « 
Staple. A staple, if available, Is of course better. 


148, Construction of the roadway. —A transom will hang in each par of slings. 
On the transoms ley longitudinal stringers of number and size determined by the 
Jond, length of bay, and materiale available, see paragraph 8. The stringers should 
bbe long and should lap 3 ft. or more and be firmly lashed or spiked together; the lap 
‘eed not be on e transom, but is better near one, On the stringers the planks are 
placed and spiked down or held by side rails. 

Place the first pair of slings on the cables, taking the turns loosely so that they 
‘will slide, Sling the first transom so that its bottom shall be the calculated distance 
from the cable measured along the sling, Fasten two stringers to it and push it out, 
the slings sliding on the cables, until the transom 1s in its proper position and the 
slings vertical. Crimp the turns at the top and place the second pair of alings and 
transom in the same way. Follow up with stringers and planks. 


149, A hand rail should be provided, and a screen on each side of brush ot other 
light materials will be useful. 


22890°—12—16 
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180. their shape vertically and ‘from the Hive 
seen ee ye ete etl et ren ors 
tne'oed and tor lem extent from the vertical comporent of wind preseare. Oct: 
i ‘and to a loos ox * . 
Hlone are causod principally by horizontal wind presraree and in & by 

re 


i 





the moving load, must be kept within small limits, Undulations may be 
diuced by making the hand ral or balustrade fairly high and ‘aang igh tg. 
244, Alto by using deop stringers well lapped and faatoned v0 as t0 be p 
‘continuous, 

Ostillations may be reduced by placing the cables farther apart at the towers and 
drawing them in atthe center, ‘kis wil afect the length of sings but not seriously. 
‘Also by a lateral truss under the roadway using the transoms for posta, and adding 
@iagonal ties or braces. See paragraph 129. 

Both undulations and oscillations may be controlled by guys attached to the road- 
way and carried inshore and up and down stream to secure faster ings. 


161. Railway bridges.—With proper assumptions as to loads (see 5) 
tho forgoing toloe fot designing end proportioning the several tyes ol eit 
gave safe atructnres for railway trafic. “Bee also paragraphs 42, €6, and 116, and 

fables XIX and XXVII. 

A railroad bridge should not be built on an incline if it can be avoided. The ap- 

roaches at each end should be straight and nearly level for a distance equal to at 

feast twico the maximum train length. 

Foundations must be especially unyielding as settlement is more troublesome than 
in other bridges. 

For a single-track standard-gauge railway bridge the clear width between trusses 
or girders should be 14ft. In double-track bridges the distance from c. toc. of tracks 
must not be less than 13 ft, No part of the truss may be less than 7 ft. from the e. 
of the nearest track at a height exceeding 1 ft. above the rail. 

‘Tho clear bead room must be 21 ft. above the base of the rall for a width of 6 ft. 
over each track. 

Stringers are put under the rails and are best mado in two or more pieces lor 
enough to span two baysand breaking joints, The pieces are separated about 
inches by blocks and wall polled fogother,, Ties are placed 18 fo 24 Tas. ¢ to cand 
every third or fourth one should be spiked to the stringers. A quand rail should be 
Placed along, the ends of the ties, and it is better to place under the ties lighter 
stringer and bolt the guard rails to it. 























‘fe. Distamce im fest, conter , between stringers or beams to 
dugctiosted lod of LOD Tel por ay, tof rosdway. Ta own weight. Por 
ibe ea th tuba asin by he catined od org Rand ONT 
Bound. Reenss: ‘Span in ft 
D bred 9 10 1 2-18 MOS 16 8 BoM 
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EXAMPLES. 


an{2), Te span between roadway bearors of « bridge i 16 ft, and the tlnber avail 
Yor balks is 4x 12 ins, "How many balks will be required in each bay for & 
224%, roadway? The table under epan 16 and opposite tise 4 x 12 gives a epaclag, 
center to center, of § ft, between balks, therefore thore will be 4 spaces and b balks 
in each bey. If’ 11-in. round timbers were available, the spacing would be 4 ft, and 
there would be 3 spaces and 4 balks in each bay. 

(2) The bays of a bridge are to have a span of 12 ft. and the balks are to be 
spaced 4 ft. center to conter. What sizes of balks may be used ? 

Answer. Either in. round timbers or 3 by 12 in. rectangular beams. 

(8) The cap of pile bent is supported on two piles, 10 ft. center to center, and 
sha bonts are paced 15%, canter tn canter, What uch of ap is requled? 
site “26.2 t.” in column “10 ft.” is found the required size, 8x 12 ine., for the cap. 
Intermediate sizes, spans, and spaces may be found by almple interpolation, 

118), Wagons and artillery carriages bring concentrated wheel loads on the bridge, 
and for such loads the foregoing table is not applicable. 

‘The following assumptions simplify the problem, give safe results, and are in ac- 
cord with the usual conditions. ‘The balks are assumed to be #0 spaced that the load 
of any one wheel is transmitted by the flooring to at least 2 balke. 

‘When the span of the balks is less than twice the of whee Was ol Oa ae 
Hage the greatest strain occurs when the heaviest wheel loads exe ot Woe TARAS 
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‘Whon the span of the balks is more thih twice the length of wheel bass 
of the carriage cach wheel is supposed to haves load equal to the greatest wheel 
load of the carriage, and the strain Is greatest when the center of the carriage is at 
the middle of the span. 

‘For light artillery and army wagons the heaviest wheel load is 1,780 tbs, Add 
one-half the weight of the flooring carried by 2 balks, and-2,000 be. may be taken 
ag the concentrated load on 2 balks, giving 1,000 Ibs. on 1 balk, 9 at the 
middle point i the span isles than twice the wheal bese, and applied at two points, 
6 ft, apart and equidistant from the middle point if the span is more than twice the 
wheel base. In the same way 2,000 Ibe. may be taken as the concentrated load on 
1 balk for siege artillery applied in like manner with a wheel bese of 8 ft. 


‘Tastx XXXII. 


18e, Sizes of round and rectangular balks and maximum safe spans in feet for 
wagons and artillery, 





Rectan- | Maximum safe spansin 
Round. | “gular. | feet for4 or more balks, 





Wagons and| sie¢e artil- 
D bxd | light artil- 
ery. "fea. 
Ins, Ins, 
® 2x6 4. 
6 8 a 
1 yo |. 2 
az |" 6. 
3x6 1. 
8 8 2 
wo | 16. 
9 wz | 2. 
4x6 9. 
8 a1 
wo | 
ae | 3. 
6x6 18. 
. 8 1s. 
10 io | 36. 
a | 34 
ax8 33. 
n wo | aa 
wa] 
wz | 10x10 | 30: 
62. 


























‘Thickness of flooring. 





Wagons and light | aiogs artillery. 





‘artillery. 
Plank. | Poles. | Plank. | Poles. 
a D a D 
Ins, 

10 14 

Lb LT 

£0 20 

25 28 

20 24 

36 26 

40 28 

















For » footbridge, the thickness of flooring in inches may be safely taken as one 
half the span between balks in fest, or d=348. 

1igf. Figs, 245-247, reproduced by permission from Plato TII, War Department 
Document No. 273, 1906, show interesting featuree of field bridges built by the 
‘Japanese daring the Mancburian war. ‘The use of railroad fron and the very gen- 
‘eral employment of iron dogs for fastenings are noticeable. 


Bridges. 24! . 


Japanese Field Bridges 
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Elevation 
Taitzu River Bridge A, Crosesestion 
Fig. 245. 























Cross, Elevation 
section 











Hal-cheng River Bridge 
Fig. 246. 























Elevation 








Crosstection 
Taitzu River Bridge B. 
Fig. 247. 
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‘and so distribute’ the pressures as to reduce them below the su ‘power of the 
‘wet soil. ‘The application of methods involving one or both of these principles 
constitute the bulk of military road work, whether of construction or repairs, 


5. -—The water to be disposed of in connection with any road is: 
‘which how Brvard the road rom adjocont slopes; that which, falls om the surinca 
the roadbed, and that which finds its way beneath the surface, 


6, Side ditches.—Surface water flowing toward the road is inte and car- 
ried off by ditches along one or both sides of the road, according to the from 
which the surface water comes. If on one side only, the water is carried under the 
roud—across it in some cases—and discharges down the slope, preferably ins gully 
or natural drainage line, B 


is 


SEC ERE. 


4] 


but with proper 
‘so long, nor will 


faces are formed artificially, and are called pace 
Just described they also act in an imy 
the wheels to the earth foundation. 


8. The crown of an earth road should be 6 in. for « road of ondinary width. 
‘Theoretically the crown should increase with the. grad 
refinement in practice. 
‘ny advantages of a variable crown, If the grade Is 90 steep that water flowa too 
‘long the rond, causing scour in the wheel ruts, itis better to build low ridges acroas 
the Toad at iniervals to turn the water to the side than to attempt to produce the 
same effect by a greater crown. The ridges may be wide and flat, amounting, in 
fact, to a reversed grade for a few fect, perfectly effective, and yet so gentle as not to 
materially disturb traffic. 

The best distribution ofthe crown isto give #4 of it to the outside quarters and 
afte the tusde quarters of the road. The reultlng crown is nearly an are of @ 

cle. With inexperienced men it may be necessary to use a form for a crown, 
Fig. 1 shows ita construction. ‘The upright forme a convenient handle, and may be 
provided with a plummet to ievel the gauge across the road. 


9. ip resorted to whien it is desirable to lower the surface of the 

water. By the ground-water level, at any point, is meant the depth at which 

¢ soil becomes fully saturated. It is the depth at which water will stand in a well 

or pit. If itis 4 ft. or more below the surface, it will not affect the condition of 

‘road in good soil. Ground water rises in wet and falls in dry weather, It probably 
‘Fives When the ground 1s frozen, regardless of the rainfall, 
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Especial attention must be given to the 
foot of the front face. A trench muat be 
‘bearing at this point. The front of this trench 
form a support to the wall slidis 

the ‘against 

‘weight will come on 

support the weight or the wall will overturn. 


. rte a “vague, 
oat of the cond, fe 


‘stand above it at one end and pass through under pressure, the structure 
‘erly be called a culvert. cag! > be! 


EE a faba ia net be detec ee It 
depends upon the maximum x o ether rocky, sandy, 
Pe whelber caldvatad or abe) 


clayey, ete., and the slope of the surface and its condition, 
timbered of not, frozen oF not, ete. 


assume the 
red =. 
+15 = 18; 
hence a conduit of equivalent section will be 1.5 by 1.8 ft, 

Required, the size of a cireular conduit equivalent to the side ditch. Divide 
equivalent number 4.9 by 0.616,and take the cube root of the quotient, which 
be the diameter of the circle; thus, 4.9+0.616 =8; the cube root of 82, which x 
the diameter of the equivalent circular conduit. 

‘These relations are true only when the water has a good aj to the culy, 
‘and free discharge from it, and when the fall of water surface from the upper to 
lower end of the culvert is not Jess than the fall of the ditch in the same ¢ 
‘Theso conditions can ordinarily be secured in construction. In fact a considerably 
greater fall can usually be obtained through the culvert than exists in theside diteh, 
0 that areas computed by the rule will usually be in excess. 

‘When the drainage to be handled is that of a natural drainage line, estimate ax 
well as can be done the area and surface width of the maximum cross section of 
flow and conyert it into the equivalent rogular section by the rule. If the con 
sion gives a size larger than can conveniently be constructed consider the: 
of giving a greater fall through the culvert. ‘The area of the culvert may 
‘ag the square of the slope increases. If twice the fall of the natural flow can’ 
‘obtained, one-fourth the culvert area will answer. 


10. As to their design, culverts aro classed as box, or rectangular, 

and pipe. The box culvert may be of wood or stone, or of the two combined, 

larch culvert is usually of masonry, Tho pipe culvert may be of clay iron, 

rete, or wooden-stave pipe, In the latter material I le eometines called 
vert. 


20, Wooden culverts.—Figs, 8 to 14 represent type forms in 

timbers, and lumber. ‘Tho principles are the same for all. The inside 
smooth to facilitate the flow of water and the passage of floating sul 

‘outside should be a broken surface to offer more resistance to the flow of 
between the wood and earth, which, if continued, will wash the culvert out, Tf 
‘are used, those in the walls should ‘be flattened On two rides to giv 

‘and leave no opening greater than 2 ins. If there is time to ti 

‘ig much better. All timbers should be drift-bolted together. (| 

Part II, Bridges.) 








their height, or better 3¢ the 
‘Should be dell fred in ironcbes not lee 
dep, a ‘the bearing is uot firm, ‘The backs of the walls are’ 
‘oa that the earth ean get good grip on them, and pains should be 
them #0. , ii 
sa hfe culverts. lines and surfaces of the arch and thelr nai are showa 
© best form of arch for culverts is the segmental, which is an are of 
ye rise should be 24 the span, making the radius of the Intrados 9g of the span. 
‘For all masonry except concrete the/arch Is usually of uniform thickness, 
rialue the proper tekuoa, aa 60 to tae in foo and vide fhe sum by 50, 
juotient is the thickness of the arch ving in fet; or, add gy of the span 
Tit, ‘This rule is given in view of the inferior masonry likely to be built 


conditions. A'ring of the thickness so determined should be built of 
terials laid with all face joints in radial ‘The faces are better 
e, but if cement mortar is used they need be only approximately so. 
ks which break ont in fairly uniform thickness may be used without dreming 
than 


juarters of the stone at Ieast should go through from intrados 
‘should be taken to leave no open jointson the intrados, nor auy of 
of mortar alone, Greater spaces between stones should by 
concentric 


‘OF spalls coated with mortar and well driven in. All joints 
filled with mortar. 

Pet brick ace asa hey are tat-ng tndgtea in fig. 18. The i 
called rings, and the thickness of brick arches is sometimes given as 3,4, 
Under the rule given above, a brick arch will have at least 3 rings. 
attention should be paid to the surfaces between rings, which must be 
‘afilm of mortar in good contact with both surfaces and monolithic, ao far as 

with the mortar in the radial joints. 


rel filling.—Tho stability of the arch requires that it be 
Jonded on its haunches. This may be done by depositing any heavy 
in small arches is commonly done by continuing the masonry from the 
the arch ring toa line or curve swept from the crown to the outer edge of 
of the abutment, For cul ‘the embankment supplies the necessary weight, 
‘main function of the spandrel filling is to give a smooth and regular slope to 
of the structure to promote the-run off of water. 4 


irel walls.—At each end of the arch a wall ia| built up to the level of the 
crown and in length from out to out of tl tments, Tt acts to stiffen 
id also as a rotaining wall for the embankment over it, For wide 
4 there may be interior spandrel walls of similar dimensions, and in 
eee masonry may be built up to these lines all along. ; 
Wing walls.—These are built from the ends of the spandrel walls with « 
about 80°, and act as buttresses for. the spandrel walls and also aa retaining 
for part of the embankment left wusupported by the cut made to give access to 
culvert. ‘The tops of the wing walls are not horizontal, but slope with the earth 
‘the embankment, ~ a 
The thickness of wing walls may be slightly less than that of 
‘The bond with the spandeel Wall gi port to 
‘thie embankment affords relief against 
it mortar the thickness should be } of 
at bottom, the 
for Brick. As the 
‘at the spandrel 
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Middle and side ordinates tor segmental arches with rises = 
otal eMtopilinus moaned from tho tangent; ordinates in bation lines tes 
‘ured from the chord. 





















































noe ‘Ordinates in feet at distances from middle of— 
Ra- | mid- 
; | dius, | dle 
Al ordi-| 0.5 | 1.0] 1.6 | 20/26 | 80 | %&5 | 40) 45 | 50 
& nates, 
+ i 
0,08 | 0.36 
3 | 1.87 | 0.76 | 0.69 | 0.89 
0,05 | 0.21 1.00 
4 | 2.60 | 1.00 | 0.95 | 0.79 0.00 
6.04 | 0.17 0.78 
5 | 8.12 | 2.95 | 2:21 | 1.08 0.4T 
6.08 | 0.14 0.49 1.60 
6 | 3.76 | 1.50 | 2.47 | 1.36 LOL ‘0-00 
0.08 | 0.10 | 0.23 | 0.42 | 0.67 | 1.00 | 2.50 | 2.00 
8 | 6.00 | 2.00 | 1:97 | 1-90 | 1.7 | 1.68 | 1.38 | 1.00 | 0.40 | 0.00 
0.02 | 0.08 | 0.18 | 0.88 | 0.62 | 0.77 | 1.18 | 1.45 | 2.15 | 26 
10 | 6.25 | 2.50 | 248 | 2.42 | 2.32 | 2.17 | 1.98 | 1.73 | 1.92 | 1.08 | 0.35 | 0.0 
0.02 | 0.07 | 0.18 | 0.97 | 0.48 | 0.62 | 0.87 | 1.16 | 1.50 | 1.5 
12 | 7.60 | 3.00 | 2.98 | 2:93 | 2.85 | 2.73 | 2.67 | 238 | 9:13 | 1084 | 1250 | 1:0 
| 0.01 | 0.07 | 0.13 | 0.23 | 0.38 | 0.88 | 0.73 | 0.97 | 1.87 | 1.5 
14 | 8.76 | 8.60 | 8.49 | 3.43 | 3.7 | 3.97 | 3.14 | 2.97 | 277 | 2.58] 2113] 119 
0.01 | 0.05 | 0.11 | 0.20 | 0.32 | 9.48 | 0,63 | 0.83 | 1.07 | 1.3 
16 |10.00 | 4.60 | 3.99 | 3.96 | 3.80 | 8.80 | 3.68 | 8.64 | 3.97 | 8.17 | a193 | v6 
6.01 | 0.05 | 0.10 | 0.19 | 0.28 | 0.42 | 0.5 | 0.75 | 0.95 | 1.1 
38 [11.25 | 4.50 | 4.49 | 4.45 | 4.40 | 4.31 | 4.99 | 4.08 | 3.05 | 3.75 | 8.65 | 3.3 
0,01 | 0.04 | 0.00 | 0.16 | 0.25 | 0.96 | 0.60 | 0.67 | 0.84 | 1.0 
20 [12.60 | 6.00 4.99 | 4:96 | 4.91 | 4.84 | 4.76 | 4.64 | 4.50 | 4.33 | 4.16 | a9 
| 





Vitrified clay, concrete, and osst-iron pipe culverts should 
carefully prepared foundation of broken stone, gravel, ¢ 
ped to the curve of the lower part of the pipe, which should rest e' 
n the foundation from end to end. The earth filling should be thot 
‘oughly compacted around the lower part of the pipe, using water If practicable, be 
should be lft loose around the upper part. It has been dem: that thoroeg 
under-tamping trebles the strength of concrete pipe. ‘The top surface of earthen 
ware pipes should be not less than 18 ins, below the surface of the roadbed. Iti 
better to have the joints tight. Clay, or cement mortar may be used for 
Care should be taken in laying to have the spigots enter the bells to the full len, 
Oakum, rope, grass, or any available matorial may be put in first and ram 
fhe botiom to prevent the packing material from running through into the vin 
culverts should run dry when the flow ceases. They should have an a 
‘of not lees than 1 in 72 for vitrified and 1 in 25 for cast-iron pipe. ‘The 
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., mesa balle 
; alle 
ins wide, gs 28 and Hach 
OES ors 
dition of .. If all one way, or if return traf is mainly 
8 ft. will answer. If loaded traffic is heavy in 
‘be 4 lines of sleepers and 14 ft. long, fig. 20. The interior: 
need not be double. Planks should be offset in bl ‘of about 20 to facilit 


suitable timber is plentiful and sawmills are: 
of weather can be made easily and quickly as 
‘nor dusty, and fis easy on loads, wagons, and animals. 


29, Charcoal roads have been built through swampy forests by piling - 

‘on the line of road and burning them into en ake doen 

toa ft. in the middle and 1 ft.at the edges. The logs may be 12 to 24 ft. 

Jong, in piles 5 or 6 ft, high, 9 ft. wide at the bottom, and 2 ft. wide at the 

ya a go with straw and earth and burned with a restricted air ily. 
should be permitted until the pile is well ignited, when all air openta 

bottom should be closed. 


20. Gravel; to form good ron covering or metal, must have enough binding 
atarial to cause the pebbles to pack and romain implacounder trefic.. ‘he snater 
ordinary deposits or pits of gravel wil urualy make a far road. "That 
es and streams will not, unless binding material is supplied. If there is 
© considerable proportion of stonés larger than 4 in. diameter they shoul be 
‘up or excluded. For gravel and forall other metal roads, the roadbed is first 
‘brought to the shape and condition described for an earth road, but at a grade lower 
than the proposed surface of the road by the thickness of the metal. “This lower 
fra i called the subgrade, "Tn excavated rouds and those formed by crowning 
Sn the natural purace, the subgrade is formed atthe frst operation. | or ronds on 
embankments, it is better to bring the fill up to the final grade, and then, just 
hefore putting on the metal, excavate to subgrade, forming s trough or béx in 
‘which to deposit the metal 
first or bottom course of gravel should be about 4 ins, thick and should be 
‘compacted by travel or by rolling before the next layer is deposited, ‘The fol- 
‘courses should be of the same thickness, each compacted as laid, ‘The net 
‘of Such layers will be about 10 ins. and will make « good road of the class. 


$1. Broken stone and crushed stone sre terms applied to angular fragments 
‘of stone made by breaking up larger pieces eit by band hammers or bomen 
erushers. The stone should be hard and tough and not very absorbent. Trap is 
granite is Ae first, but disint tes rapidly; sandstone is deficient in 
‘qualities. Limestone has excellent ‘properties, but is generally soft 

and wears is, however, the material most used in stone roads because 

stone of better quality, 

Broken stone is classed according to the largest dimension in ins. at ( 
argent pleces, The tert of size Is that the large’ yoece Nuaik yess WAG SS 


id 


Google 








5. 

a 
are 
Hopenton one rk of 
ere 


be ta hanes 
fr loins 
Seca! teria a uate jain 


ready to be put on quickly. 
eyo if 
eeepc as 


tr r 
sein geting tno te iaenead 


are stretched parallel Puincnes they will be ata unj 
se ead de veuie oe a 
In of anew road more Hitiscs its 
Se eye een bay together 
‘obvious difficulties, marked by stakes 60 or 100 ft. apart, and. 
each stake determined. ‘The, slope of the ground at right any 
‘at every stake, as also the distance of any obstacles on elt 
would wake it ditcalt to shift the line, ‘The-charwster of | thosol wil bec 


‘From these notes a profile of the ground will be made with suitable noclgatae 
und vertical scutes (see Reconnaissance). On this ground profile, a. profileof the 
surface so long as a0. 
are too steep, the notes will be consulted to, 

iting the line to one side. 


lines and determine the cuts or fills at ak od the! 


the line, any are decided upon, and go over the ground agats, 
auger in the lin and Fon tach sake the eu or lt ted 


‘above its top. The usual method is to write cut or fill, or©' 
‘fill, with the figures indicating its amount fi below. 


$8. Side stakes are those used to mark the intersections of the side slopes of cute 
‘or embankments with the natural ground surface. They are set on each side of the 
counter stakes on lines at right angles with the traverse. ‘Their distances from) the 
conter stake, called side distances, d, and d, fig-92 depend on the depth of out om 
height of fill, width of bottom or tup, slope ab anaes ae: ‘the transverse gradient 
of ground surface. Tet 

‘The vertical distances from tho ground surface at the side stakes to the level of 
top of embankment or bottom of cut are called side heights, h, and hy, tig, 82, 

If the ground is level, the side distances are the same and ara-equal to }e-+en) 
in which w= the width of top of embankment or bottom of cut; ‘center out or 
fill, and »=the number of units horizontal to 1 wnit vertical in the wide slopes, 

Ie the ground slopes trom the conter tthe ride stake, tho determioaton fre 

eae Rel can HOt be directly’ yaad by any: feats ‘simple enough to be of 
‘use. The relation is d,—}¢w- he, is poder pasate Seed Fd 
independent of each other. pir ge ont of trial and ex ‘must be used by 
"the following rule: Estimate the wide height and work out the side distance 


ogle 
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ey 
E 


BF 


little practice will enable a sufficientl 
got at the first trial, ‘Side staking will not often be necessary 


. and is necessary. 
After ihe pending fs ula, coer und a take should be wt apd narked with 
‘grade and subgrade instrumentally determined, 


40, Curvature. —Horizontal curves for changes 
ye with wiicent accuracy. “Mon out tho 2 tangen 
curve will leave them, lect on each @ it where the curve is 


z 


‘This 
If the widt 
the radi 


airing. In feet 
livided by 8 times the middle ordinate in feet. ‘The stakes must be equi- 


41. Intersections of rising grades should be flattened so that the rise on either 
hide eal not excoed 2 ft. in the iat 100.” AII abrupt changes of grade should be 
poftened, "This can be done well enough by the eye. ‘If not done in coustruction, It 

‘soon be done by the weather and traffic. 


42, Estimates for earthwork.—The calculation of quantities in excavations 
snd embankments will unually befor balancing cuts and lla, and for making regal 
sitions for men, teams, and tools, For these purposes a simple rapid giving 
approximate results is'best, 


‘The cross section to be multiplied by any dis- 
tance to deduce a volume is assumed to be the average cross seotion for that distance. 
‘The more uniform the ground the easier will be the measurement of any section and 


‘difference is so small that it may be neglected when the end areas do not 
differ widely in size and the ground between changes regularly from one to the other. 


43, When the ground haé no transverse slope the sections are called level sec= 
Yor these the urea de} 


Of foet in the eatire distance for the 
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‘Taste I1—Continued. 


1: 


sections 100 ft. long of cuta or embankpante.om level 
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Miiieteleletel ed toi eae es 
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Hiideleletales cede es 





‘Width of base of cut or crown of fill in foot. 


16. 
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Baa atelelet tet soit aee 
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88832 


eed e ee 


Tes 
La 
ows 
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733 
3,259 
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MAN HOOK OMQTAASASEAARANATA 


Roane. Ed 
‘Tams [i—Ocntinned. 
‘Velumes in cubic yards of scctione 160 ft. long of cats or embankments on level 














ground with side slopes of 2 to 1: 
center cat ‘Width of base of cat or crown of fill in feet, 
or fil in 
feet, “ 16. 18, 2 2. . 
1 or u a 8 96 
2 us 1s 18 188 id 
3 cor 2st 239 a 333 
4 356 385 45 “ m 
5 1 519 856 553 oo 
6 4 eer ml 165 m0 
1 7 30 fot 933, 985 
8 og | 1,007 | 1,067 |] 2,196 | 1,185 
9 1133 | 1200 | veer | 1333 | 1,400 
0 x3ss | taor | iy4s1 | 1,555 | 1629 
n 1548, | 160 | 171 | 1,792 | lst 
1 urs! | 1867 | 1,956 | gous | sss 
18 go | gno | 225 | 2sn | 2407 
u zz | 2385 | sso | 250s | 2,696 
15 2558 | 26s7 | ams | zes9 | 3,000 
16 zea | 2965 | so81 | s00 | sais 
1 sus | 3.274 | 3400 | S528 | sles 
1% , si4e7 | 3,600 | 3,783 | 3,288 | 4,000 
» x sso | so | eosr | aaes | ace 
we | 4 aus | 4306 | aa | acon | 740 
a 4: aon | seer | 4aez | aerr | 5,133 
2 4) 4,ss0 | 5,052 | 5,215 | sia78 | 5,541 
3 5 5281 | 5,452 | 5,62 | 8,792 | 5,968 
rt 5, 5,689 | 5,867 | 6,044 | 6322 | 6,400 
5 so | 61 | 6,996 | 6481 | 6,008 | 6,801 























45, Yor ground which has a lateral slope ancther variable must be intro 
duced, for with a given depth, width, and side slopes the ares will not be the same 
for different ground slopes. For every such section there is a level section of the 
same area, and having the same bottom width and side slopes. This Is called the 
‘equivalent level section. If the ratios between the depths of oblique sections 
‘and their equivalont level sections are known, the areas of the oblique sections can 
be taken from the foregoing table. 

‘Tho ratios between center cuts or fills of oblique sections and the center cuts 
or fills of the equivalent level sections are given in the following table in per 
centages, by which the actual center cut or fill of the oblique section must be 
Increased to produce the ceater cut or fill of the equivalent level section. The 
table gives values for transverse gradients of 16 tol to 5 to 1, and for aide slopes of 
1 to 1, 13 to 1, and 2 to 1. 


, take from the line corresponding to the gradient and the column 
c lope, the percentage factor, and increase the center cut or 
by this percentage. The result will be the depth of the equivalent level section. 
‘With this increased depth enter the table of level sections and take out the volume 
for a length of 100 ft. This method will give results correct to 344%, corresponding to 
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46. Porcontaizes to be added to conter heights of sidehill ¢mbatkments aad 
cuttings to obtain the center height of the level section of equal area: 





‘Bide slopes of cut or em- 
bankment, 


‘Transverse gradient of ground surface. 





ltol. | tol 





15 to 0,08] 0,08] - 0.08 
ito 208 | 203 OF 
13 to tos | Loe 105 
Ito tos} log 108 
ito To] L065, 108 
10 to 105 | lor 109 
9to 108} 108 ty 
8to tor] cL ar 
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41, To balance the cut and fill in a side cutting ihe center line should be ran 
vo that there will be a alight cat along it. ‘his will give s anall excess of volume 
of cat over volume of fill, which is desirable. 


48, Handling earth.—Tho excavation of a mass of earth and ita formation into an 
embankment may be classified into loosening, loading, hauling, and spreading. 

Loosening with a plow will require 2 horses, 2 men, and plow for each 40 yds. 
per hour. If very hard, 4 horses will be required for the plow. With picks, 1 man 
for each 40 yds. per day, or 10 men equal 1 plow. 

Loading material into carts or wagons will require 1 man for each 2 yds, 
hour. -Alfother loading is included aa's part of the hauling. mie Per 

The haul or Tead js the distance to, be traveled from the point of long tothe 
polnt of dumping. ‘The mean haul is the quantity usually and is the 
distance from the center of gravity of the eut or exoavation to the contel of gravity 

‘The following table gives the yardage made on various leeds for carts, 
wel and Urog,perapelnwheeibarrons and boxee, or other improv aca: 
‘The load unite aseumed are 1 yd. for wagons, 4 yd. for carts and wheel scrapers, 
34 yd. for drag scrapers, zy yd. for wheelbarrows, and yy yd. as load for 2 men, 
‘erriegl in a box or : 








Qt 


\ i 
ha) aire toe ‘Tame IV. 


49. Yardage of earth which can be handled per hour in different conveyances: 
‘Yardage per hour per conveyance for hauling in— 
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een 
ach cart, One gang of shovelers should not be required to load more than 101 
or carts per hour. 


‘a load from such a wagon the ends are first removed, then one 
ogi 
‘ott 


‘are dumped by the driver and deposit the entire contents in 
ind of hauling, spreaders should be provided at the rate of 1 man 


‘a.cut to make 400 ft, long with an average center 
of 18 ft., side slopes of 2 to T, and a transverve 
Pilg atta v be pba tr a Sry baiintl 00 tong ad 
- the work to be done in 24 hours; material to be 
should be made? i 
IIL take the coefficient corresponding to 2 to 1 and: 
ps age to the actual 10 ft... 10.9 ft, 
arta Sheet ce id ot 
, which is the yardage 
focal yardage to be hadleds 
juire 2 horses, I plow, and 2 men for each 40 yds, . 
a3 hours for dhe whole which will rulre 6S = 7 plows to 
ours.” FT plows can not be had, ubtitte 10 men with picks for 
IL no plows are to be had, 70 men with picks will be n . 
that this 
‘ds. per 
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Fig. 35 





Sy mich setts Staaten 
rations may be carried on trom one or both 
good motiode A li pay 


‘surface of fracture to form the 
shown in fig. 38, which will leave the fioor in a saw-toothed surface. 
‘asperities left in the floor must be sledged off, and the 


‘sufficient 
. Ifthe 
40. 
‘The roadbed should slope inward for 
|. There 


ata low point anda channel 
tthe floor of the cut, with slopes sufficient to ran the water oyer the cif 
bel can be filed up tothe road level with broken stone, Vertical holey 
rilled a few feet apart near the outer edge of the rondway and bars of iron 
‘them with eyes in the top through which a chain or rope may be passed to forr 
4 a line through woods, the work may be reduced to a 
fooss by curving fhe reed gently avoid an many lage tree au DoRMDEATALE 
is undergrowth of any kind, a first party should cut and remove it toa of 
ft, on each side of the road. If needed for uso elsewhere, the samo 
Scpsch wae. | TE not nonteg Heston be ema The: ‘should 
ceut them up in manaptable eaeiie remove them from a 
‘bo s0 adjusted that the cutting up and removal will keep 
Gare should be taken to avoid felling a tree across another 


roadway or near its edges are best felled by 
cutting off the principal root at 3 or 4 ft from the pfs =! 
ee over, etump and all, If stumps of trees siready cut are to Be it 
ie by 


lasting. ‘The charge should be put low down in the 

‘necessary, lesa 

55. Cost,—The factors entering into the cost of roads are so many and so 
that a safe estimate can not be made without a knowledge of the conditions to! 

‘in the particular case, 

‘The following data are designed to guide the Judgment in fc conclusions ss 
to the probable limits of cost of “ilerent cleaves by ronierte "iat eer was and 
estimate may be made for a road which can be built ho restetoes ab agi, I 

56. Clearing may be taken at $10 to $50 per acre, or $20 to $400 per mile for tim 
or varying fri eeattoring to dense and of 16 ft. to 60 ft. t 


. BT. -—In a flat 
Earthwork —In fat or gently ro city rarer 


“natural surface with the 
‘malaly inde cuttings the gradlngend alabing may te takes 

\ the former for s lateral gradient or 15 tor1, asd the leter fore te 
iiteoper lateral gradients, the cost will be greater. = 


a 
OE 
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im earth, compate the volume of earth 
tthe cost at'20 cents per yard plas 3, cent 


oa 
and 

in rock vary so widely in cost that iver 

n'a majority of case.” Hetanaive rook excevations 

‘will rarely be undertaken in military road work, 


50. Motaling.—For gravel, take $400 and for macadam $500 per mile for each 
inch ofthicknes per 

€0, Bridges and culverts must be estimated separately. 

61. For a dirt roed following the natural surface in level cutting, the limit of cost 
say range from $600 to 99,000 por mile, depending on the charactor of eal, amount 

of clearing, and the number of bridges and culverts. 

Yor a dirt road in aide cutting, the limits of cost may vary from $500 to $3,000 per 
mile, depending on the character of the soil, amount of clearing, number of bridges 
‘and culverts, and the lateral gradients, 

Two thousand dollars por mile is usod in eetimating the coat of standard reeds 
‘under average conditions in the Yellowstone National Park. 

‘Macadam rosds, usually called sone roads, have been built extensively in various 
states of the Union, at costs ranging trom $2,500 to $9,000 per mile, ‘The figures 
hore given as to metating are based on a maximum width of 18 ft, 
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PART IV—RATLROADS, 


1. The subject of military railroads as here treated will include the location, con- 
Speseaeaeeyees Gatentemaceeaet 
isted men, and civilian employees, and for the main purpose of the 
‘movements nnd mupply of the army. Z 
2,,The diference between war and peace condition will cause,» wide departure 
of tititary from civil raliroad practice” Some of the conditions of mulltary 
ico 
(4) Quick results for a short period are of the fitst consideration, 
possibilities of the property cam not be fully developed by 


tare subject to damage not 

the x pre- 

‘sumption i if nob 
(¢) ‘The property will usually be in fair but unequal condition, often 

sededa ater portal demolition. The ‘operation of the whole will dapendon the con- 


dition of the worst parts, 


road is best opruted with an_ ample 
A moderate speed; whereas ot acl, 


3, Military rail 
‘hich the has 


than Unondog tolerated on co —— —_ prrerthe as 

Es Shem search enn en pee 

anaes eats uP re atoll 
it, and of standard methods and rules of construction and especially of oper- 
1@ results of accumulated experience. For these reasons military roads should 

be more efficient than the primitive ones which they outwardly resemble. 


4. maintenanee and | ‘of existing lines of high-class ane 
ence rent tng eh Sarat 
ital principles of such construction, 


In all that relates to location, construction, and maintenance, the foregoing condi. 
tions will be kept in view, and an attempt’ will be made to introduce everything 
which. they and to ¢xclude everything which they do not require, 


5. -The word is used with various in 
eae ind acct 
pops ‘heads of the 
running 


bald ~ 
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aay aaa be greater than on 
is used on 


epee ieee 
scat : 
rear shi fisate wn 
1 lghaminee 


Bi = 12.747 1° 4977, 
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tabies are #0 constructed. In. railroad 
Sgr ant bunt that it will sere => 
\d hundredths, which give 
‘Thich i close than ie can be measured with ordinasy 
Tato I ee th mae a nly tec 
“Mus conversion into, minntes and “Snorer ten 


Seles to be lald of wich an 


9. aera hme aoe 


affected by the curve and its designated by the number ot 
between its ends. It is found by saultiplying D 
isthe been the en alll hy ental 
between l, o 
peer siace wy ranaaeeeaeae 
long chord, par. 7... It is also the angle of the tangents 
Wis Soeeaae cis aouatot by a ove citbarence of their Setiaatbaee 
The gum ofthe central gles ofall the curveson any ines 
of the line. ‘This, divided by the length in miles, gives the: 
# quantity, which is of importance in considering. the tractive foree 
opérate trains over the line; also in connection with questions of speed 
anes. 


11. Relation between lengths of chords and peed S 
‘a chord is slightly wr than 100 ft.; 0.0018 ft, fora 1° curve and 
the square of D, For all usual railway curves it is negligible, 

Acurve and generally does contain a whole number of 
ee ee Ce P2 
The relations of length between subchords and the: ‘arcs are not | 
cisely the samme as those between chords and their ares The alferenes, 
or supposing the ratio of length of chord and length arc to be the 


‘same for chords and subchonis, the expression for the length of a gubchord is 100 


in which d is the arc of the subchord in degrees. This is 
Hength of the subchord. ‘Tho excess of the real length over the 
isa maximam for ibchord of 67 ft., nearly, and for a 10° curve is 0.05 


4 
a 


2 Cini 
stations=1,025 ft. The length « ot 29 20/ curve having a central angle of 9° 49/— 


STE -AA18 pationnes ft, 


18. Distribution of chords and subchords.—It is desirable to un 
iat Coa atic stay peta tnchonta the tat igth of the line to. 
mo euFve fo tangent, or from tangent to ct 
“between the last station on the one and the fst sation Ot 
Yia.at a fractional station on a tangent—called & phus—the cares: 
'@ subchord equal to the difference between 100 ft, snd the plus. Mi tbe 


Coal 
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with o , the first station on 
to 100 ft, less the length of the: 
Hin the rare cass In falls 
curve is « round number of of feet in 


yee tt 
simple, compound, and transition.—A 
misters caer yin sr eepormneat 
to each cot ont to the 
‘Transition curves, on called or easement 
elie measehah sxristin aston pene voincly increivy ops cess tstee 
jot the tion, to kunsity ne £0 and Po. . 


of curves of different radii turning in the same direction,i4 
curvature, PCO. 


jmnple Cutves.Carven are VWcated bn the ground ‘fatal 
niente er ill ey ne Alin bon 
‘The angle between a chord or subchord and a tangent to the circle at one of its 


a 
one-half 

‘or secants. Thus, in fig. 6, the angle between the tangent 
is by ones ie are ob; the angle between av 


‘with equal chords of 100 ft,, as in the are to: 
ISD, Ges sagen of curva cuve hide fertnce of tan ure crroopomting to 
‘or: ‘and the secant to the first station beyond it, as be, or between th 


it stations, us ed or de, is also D. Hence the angle between tan- 
‘or between chord and the secant to the next station beyoud St oF 


deflection angle, 

and is very importaut in curye location, 
Generally, for simple curees the angle at any station between any other two in the 
same direction -2-D X (w’ ~ n) in which w’ is the serial number of thie farthérand 
‘station. Jor example, the angle at station 12 between station 17,and 

(2211) =25 1 
‘already made as to the length of subchords (par. 11 

og angie for any subchord is proportional tothe ngth of tre wabehord, 
Jn which 1 is the length of the subchon! in ft.; and generally the 
‘agi at any polnt ofthe curve between any two othér point in those direction te 
Dx gop in which Zia the aggregate length of chords and subchonds in ft. bee 


twoon the twopoints, ‘The deflection angle ct the long chord is-t 1/, which rela 
Hon is valuable as a check and should alwo; be so used. ¥ 
hat the PO, 6, an angle of 4 “ig 18 measured from the tangent in thie direc- 
of curvature, the line, of sight passes. through the station b, and if the length 1 
ieeocn tits fine thoes H ePevsestice is determined, ipa we 


additional angle of 7D is measured, the line of aight passes through station ¢; and 
is stretched from } and its forward end swung until it js on the ling 

0 determined is station c. Similarly, any station may be located from 
heonenext preceding. = 


‘method of determining the chords wad. wabeuards oh CALNE 


g by deflections. It is the usual method wa se Ser 
curves of 2 or more stations, Unless there iw some v YES N 
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- ‘From Table Tfor 4 = = = = 
Gacnce Tals merod tok oa the angeat aioe Poet GN 
(B+) 287474. 
aptabeb tent ig fre i bavetird 04100274 ms a8 ‘Tength, 
T4038 714.8, will consist of 7 chords and a closing subchord of 14.8: 
‘The deflections from PC, aasuming the azimuth of the tangent to be O°, will be as 
For the opening subchord of 26 ty ie = 1986 x 25100 = 0 aY. 4p 
aia, i r) 
‘For the Ist chord, 0° 21’ + 1° 21/ = 1° 42", 
For the 24 chord, 1942" + 1° 21” = 9° 09, 
‘For the 3d chord, 3° 09/ + 1° g1/ = 4° 247, 
or the 4th chord, 4° 24" + 19 21" = 5° 457, 
For the 5th chord, 6° 45/ + 1° 21’ = 79 06/, 
‘For the 6th chord, 19 06/ +19 21/ = 89.97", 
For the 7th chord, 8° 27" + 19 21” = 9° 48", 


For the Jast subthord of 14.8 ft,, 0? 21” 4-7 (1° 21") + Go xrea 


$i mie 25 4. 


If an, azimuth is carriod, that of the back 1s to added to al the dele 
‘Thus, if the az, of the back tangent is 100°, the deflections will read 
Soo av aot 42/1030 a ete 

‘Having located say threo stations fromPC as above suppose it is not 
convenient to work from that point any longer. Shift the transit to station 
3, set the vornier at 0°, point to the PC, and clamp the limb, ‘Then plunge the 
‘telescope, set the vernier at 6° 45/, and locate the 4th station, ete, 


on PT and orient by the ‘16. Set 
Bing the loose sod ei 


‘As the last subchord is 14.8 ft. the first station on tho forward tangent will be 
100—14.8 = 85.2 ft, from the PT, : 


“38. This method may be used without a transit at some sacrifice of accuracy 
o ‘construction for the angle measurements, A 
& t= Ca, ig. 6, ash Fidius with & center at PO, and 

the of s circle, the rst on the tangent, the next at a distarce of 0.000087 XD 
Pe aleet ths thers one toe sack ‘of the curve, at equal distances of 0.87 % D. 
there 1s an opening subchord, it will be taken as the radius; if there is mot an 
opening subchord, the radius will-be 100 ft. If there is an opening subchord of in- 
sufficient length for @ good radius, use it as a radius for the first stale ofthe 
tangent, then ‘tho line from PO through this point to 100 ft. and wet the 
Seaeinbig cnn tha ors. Sows radar . 


‘Lay off on the tangent from PC, fig. 7, the length of the subchord and with the 
i th tape hel at PO, wg thera end in he direction of curvature ant 
‘the distance be = 0.000087 % D x B. locates the forward end of the subchord. 
Prolong the subchord and from clay off 100 ft. tod and swing as before a distance 

- , 
ot rT Dx O° FD, jocating the forward end of the fret chord at «. For the 
remaining chords, the ex, n is LTA X Dy since 1 = 10H. Bor Loe Aomkag, wie 
ebord, the is tl ame aa: tok tan hint chore aA tas ae Woes 
constants will give sufficiently accurate results up te BP. ‘Tos DLW 
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objection to their use. Neither is it used on switches and 
to low speed only. 


40 ft. of 
a ely, per degree of curvature, 


igi iece ieee perce avoid the run-off or superelevation of one rail on 

‘purpose of transition curves. In these, the curvature 

Gk sancours gratcnliy. so'tese fon eepertiorstes ae toe 
Rae iaeanind gradaliy: se every Phere a propos Feindon tothe caprateony 

‘The theoretical form of transition curve is a spiral, but its practical Ioeatfon re- 

short ares of equal 


necessary, ry t0 give auch data a4 will enable 
be recognized and clamifed when found in existing track. If the run-off 
onda at PZ, the curve ia some kind of spiral or easament, If the 

nan Pan ent he sore ‘the curve is probably simple, 


To determine, the curvature of existing track roughly, a rule of thumb 
ring C2 fe long enotied in the middle with los oud aguiner the con, 


a 
yeas the, Gp ale Fipergeat gs ey embeeeg » 
‘A curve may be tested at several 


legrees. 
Pee easeries Hee emer ot oats capi 


fs not finportant and may be varied to sult conditiona and 
ical curves increase fills and cuts, and if an embankment is al 
‘or a cut deep, an increase moans ‘much timo and labor. “In auch caso the 
etc rve mayb shuren unl tho extract rl a edad a 


for the curve, giving preference to an even 
ete ior of ttn Fan the ol 


number of 
q Set tomy stakes, to the and 
igen on tack alle ot B ol ser fant of of “er he erence 
elevation nt Band half the suin of elevations at A and 0. 
ence M and spply it as. correction to the elevation B for tt 


Apply ora ub the 
at the next points on each gree a a 


itive or subtractive if the Ist grade 


long 
dhs agate 
chaage of 12), then 
fhe at ib reentages if 
ar ‘the same direction, ¥ 
of 1,124, followed by a down 


ftclong, the Talat polae ot 
datum of the survey. 


intersection of dee, Bi than the Initial point by 1. AS. 
Tuts Tmaking ttalovation 92.0 4 Sbd= SAK A, aS Gecakaan Lito wo, 
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‘than the intersection by 1,54 of 200 ft.—3 ft,, making ita elevation 9L.74—3=91,74 
ft, The correction Mf is (aan 94.74) =—1.31 ft,, and the middle point 


int earroctious are fe (LB) Ota K, a SON cach way fromm 
os tet 200 fe, enc was hon Dy wnt fe LON) O08 ae TOD 
Paste digas oserettona:araisqbicncal Ss beams Sunes gamers 


Or, change of grade=1.12-4-1.5=2.0%4. 20?—1.51 ft., tho middle correction 


asabove. ‘The other corrections are derived as before, ‘This method applies only 
‘When w curve is 400 ft. long, ‘The first method is general. 


28. py gc ae location of a military railroad does not differ in 
one ibed. a peng ora pid Oh eee pst 
-necuracy is desirable and a much more careful 
Fv peated jes, is indispensable. As with common the grade will mainly: 
fies Reeau yn tt yr ea oe 
for short grades, 4% is allowable, It will be noted that this restriction ‘will, 
‘coun 


elevation 94.74 


Jines (Recon. 48) it the most regular and easiest gradients, and 
may be ald that every rallrond location followa lines of Grattage- 


ines have slopes not exceeding 

‘oquisite in considering a 

‘a theimint This done, tart 
‘Keep on this 


Curvature is not so strictly limited in amount. Its requirements are mainly 
of loention., It will seldom be found nycessary to put in a,curvo which ext 
10° to 12* is the maximum adopted by 


29, Each determined point of the survey should be marked by a stake with a 
smooth, fint top, having nail or tack driven in the top.to mark the exact point, 
‘As a.rulo, lengths should be computed and measured to the nearest tonth of a foot 
eens nar, semis, oman toa rere hundredth for 
short ones—ordinates, subchords, etc. 

If closing errors are large, the line should be run over again. If they are reason- 
ably smal, hey may be distributed in proportion tothe staves. On curves, losing 
‘errors and distributed parts of them must be measured on a radins. 


80. Compensation for curvature.—To equalize tho resistance of traction, itt 
customary wheu a curve comes on # heavy grade to reduce the grado over the curve 
in to the curvature, ‘The usual rule isto reduce the stoopest grad of 
Ig for each degree of curvature, Minor grades need not be compensated. 

$1, The roadbed is tho support prepared for the track, Tt generally consists of 
the foundation and the ballast, he latter should be a material the consistency 
‘of which is not affected by water and especially which does not become slippery when 
‘wet. Sand will do if nothing else can be had; gravel is better, and ‘Stone is 
the best of all. Cinders, shells, burnt clay, and other materials are also used. ‘The 
‘surface of the foundation on which the rests is called the subgrade. 

Unless the natural ground is nfavorable, it will not be necessary to use a 
separate material for ballast. and ti ‘Teally disappears, Eyen then, the 
earth between and immediately under the ties which is dug into in surfacing the 
track is called ballast, Such roads, usually called mud roads, will be the rule in 
military practice, 


rip noiny ss tohap tpt wtarpeg a eaete toe kat goes 
fd is done ns indicated for rods (see Part LIL)” Drainage We ane oe 
‘as for wagon roads, The operation of placing the ballast: = 


22390°—12—19 
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292 ENGINEER FIELD MANUAL. 
A cross over is a track 


A Y, fig. 2, is often used for tarning locomotives, 
enrved connetting, tr sig wa 
|g 


Peed is eucte parte: smn ay ma 
‘named in figs, 20 and 21, 
There are three general classes of switches: 
(a) Stub switches, in which both main-line rails are cut. 
(b) Split or point switches, in which but one main-line rail is cut. 
(c) Special switches, in which neither mainline ralliscut, 


40, itch, lad srt 
‘The stub swit eae 3 omit 


assists in the change of direction. ‘The deflected part is 
support excopt what it receives from the epiked ends and from 
of which there are usually four. 


41. The split switch, fig. 21, has ono rail of each track cx sntnons 
‘The moving rails when fn cation for use rest against and 
continuous rails. rail action ia ey at fea als 
saan Jain at the porns where spiking en 

Point switches become trailing if so sar that the Peli toy my 
peep ig train saust taker beapitbe 


[fh Speed torsos which leave both main rails unbroken 
‘above the main rails at the point of crossing, enough to 
1g their flanges. Parts of the lead rails move 
fo join over the main rail or clear it entirely. ‘The Wharton is the 


fig. 24, is the 
sumbers 


may be found without @ rule. ‘4 lead pencil or stick of 
mark on the frog near one end the point where the. 

Rreasure, stap Ese mtemure of beeroon this polaband te thoseeal 

switeb, and he number phy crented il bo toe tieg Sembier 
the el cipine pan de ‘numbers. 


aarigs rie which no parts can move, and 
hesatnee tieachs nr ‘laterally, "he ita normal position 
i fusing repos yo tga in ‘wheels to open 
prpbemest| 


ed, ig caste ae the former tte og numer ar 


Frogs for light rll aro, umially cat in a angle 
dt or a wolghte Mey fo be uned ‘construction ‘made ‘up’ i 
Pieces of the trea ral ba Sooper cglas oud fasesped wgebaee >t ae 


he a a moe oeadeos the keyed, 1) 5, and the bated 
hg. 28. Slane ipo la ‘ebupisd by = 


In ordering frogs the frog number and gage of the track, 
spllaotie dfuing mt potgiven, end if fos ckewal, the tad me ert ro 
should also be Mf ihe opringeall is doa soa ats hoe A Ha 
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RAILROADS. 207 
‘Io tandling rails, the rail fork, fig. 37, and the rail tongs, fg. 38, are used. 


Bal bender which Vans hoes oa eaa 


‘new work rails are best bent at the supply yard. The ity. 
Fonlnol tiga the longi ofthe curveey Ordinarily, otk aloof es 
Curved rails must be handled with extra care in shi 
rail adjust the bender until the ral when bent 
‘ordinate, Table IV, corresponding to the curvature, If 
‘at equal distances and'turn up the screw the same amount at 
4 t00 fiat, set closer, or turn up more, or both. If too, 
Sees foie ek mentees erg 
‘8 rail is not evenly bent, is easily seen 
|g iS pag ee ei 
‘be made. Tris important to carry the curve quite to the ends of the rail, ‘This is 
frequently neglected. 


is 
curve 


of rails are bent while laying drawing them to the required 
‘are spiked. The ease of doin, This dapende ou the rato of 
Damtaceting teeta o opin pe kae may be 
carve wl ing if the ties are eound, For greater Curvature, OF 
‘be batter to tse the bendety 
‘Drilling rails will frequently be necemary. ‘The most convenient tool is the 
Me se drill, he; dic Vat-any lioproviecd arreagemens Shih ail eld ede 
at ‘point may be made to answer, 
cutting is best done with a rail saw, but may be done with an ordinary 
hack saw, or by notching a groove around with a chisel and breaking the rail in two. 
of rails.—A 30 ft. rail expands Jy in, for a rise in ire of 
250 Fhe highest torn n tho sun ikely Ye eneruntored in the locality 
hguli be ascertained nd the ends ofthe rails separated in laying by 4 i, for 
‘of difference between the actual temperature and the assumed Shims 
rent thickness are inserted between the ends of the rails while pied 
oF 


diffe: 

should be of metal, Shims of 4, 44, and 14 in, thickness, used sing! 

nation, will be sufficient. Buckets or boxes containing shims should be attached 

tothe front end of the railcar. As each rail is dropped off the ear, one man holds 
ecenee > Soot the Joa ral. nd eerie ahh back ambieee ws 


Splicing.—The splicers follow the rail car, but not too closely. ‘They work 
Partien the loading one, or head st removing the shims, 
bars and inserting a bolt to hold them in position, back: 
complete the joint.” After the bolts are frst tightened the splice 
‘sharp blow with a sledge in each interval and on the en 
lightly tapped. ‘The bolts will then be found loose and 
‘pull on an i8-in, wrench. Fig. 43 shows 


‘ if 
Bed 


& 
5 
EE 


‘Spiking.—Two men work together, driving the spikes in the end of the 
time, striking alternately. "They usually stand near the rail, 
or left handed, they will face each other, ote ahead of, and the other 
ig point. If one is right and the other left handed, they will both 
‘driving point and face ahead. 


He 


H 


crowbar or bar, fg. 45, $8 n 
spies dxvestiséar 
lays his bar across it, 
‘throws his weight on the bar. 


i 


‘not used, the outer rail of curves my he 
both spikers strike on the exten apikes. 
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is tight, the ease “t 


accurate! shi ‘be tested 
artton thoked cuca aema tate ee 
, the points of the gnge ral a rhea ea oes 


ey When dba hasan all nn. sora ha ts 


With abaya experienced men, 8 foremen, i laborer, and 
mile of track in 10 hours. | The division ts us'follows: "11 

nd one hauling Fall ear), men Jouling es on wn 

ion men banding ras 2 head strappers, 


‘will not vary greatly from 
Senabv Ae tea oar ae erat a 


61. ‘The apd aa 
# o tracks. See ae the sae ra 
fo the ral. att NE eptkced aid lf bolted. Ne 
ground mach 
oeatinite mtn st ack whoa ead to te, rally of, Kooping metals 
rend 3 rac hat as Tinted i seach aE ar Seton tena mat me a 


is, aes, pico bry a 
pay arent the home switch, 
dhe sv ra ees Mernarens Sage 


mieten artes 
ae 
i des 2 poets ae catered 
more than two rane on the side. 


wrieagnea “the 
sent out or the: oaomscies' sy cars: 
hoon, AIVbox care used - 
‘The work ica eoahich 6 Teka 
edited cureienes 
cars, they should be reloaded, 
ny 
AA Sere DSS BS 
Google 
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from the base with materials enough for the day's work. The rail cars are ahead, 
the trimmings next, and the ties last. 

Tall of the labor is drawn by details of troops, the organizations may be 
cau nett the ine and the camp moved forward'ne neccesary. 


‘the total quantity required. ‘This 
middlés being left for a subsequent operation. 


should be run up until the rail is a little above grade, as it will 
‘a little when the jack is slacked off. ‘The amount depends on the 
the tamping. It will soon be determined by observation. 


66, Lining.—As the track is raised to 
make a center mark on the track gage an 


Filling in.—The rest of the ballast is next distributed. It must be unlosded 
the sides of the track as before, unless special ballast cars can be had, 
center damping. It is shoveled in and under the tog and between fiom t thelr 
tops or sometimes above, as shown in the sections, fig, 48, Under the middle of the 
tie the filling is snug but not tamped. 7 
67, Track maintenance.—Constant attention is necessary to keep track in 
contition. "The principal poiats to be attended toure to keep all itchesand 
clear, and to deepen them rather than to allow them to grow shallow; to keep 
and Gots tight, rails in line and grado, and the ends of tes solidly tamped, 
removal of worn-out or broken rails and ties, For a military Mpg 
enemy's dopredations will farnish a large percentage of maiatenance 
maintenance Is. a slightly different operation from 
cecil Sn en Meena 


Google 





a track chisel, Its average cht is 4 lbs, It is used with 
‘tmust not be tight in the eye. In frosty weather a chisel she 
MPRUcicGs besring the Getting eigt property intoened, tne struck: wad ded 
ing the eutting edge properly str 
Cleaned up and trued whenever It becomes ragged or batiored. 
Fig. 54 shows device for holding a flag or lamp for protecting the section. 
‘whet at any work which would interrupt tho use of the track. a 


to bridges 
Civil roads 


. af 
the shops and y: 
as a wrecking and repairing gang should be of 
and 


should be made up, generally, like the construc- 
id pen eeag sonata pe 


convenien! to 
oe faked boc coke wae 


wrecking train cousists of a derrick car, « tool car, and the necessary cars 
trucks, and other oar vl track ‘and, if requ 
Joading the ‘tine detsich car should be next to the aging, wits 


© The track material should be a quantity of Hight rail, sbont 60-1,, for laying 
‘and some standard rails, ties, for 
‘tosh aie meson nr 
ize is inconvenient. cS Tories: 
1. Bections 4x 6, 0x 0,6 28, 8x 8 an8 OS NS 





S) 





Leen ko eed 








—--——- §.----—----— —-- -- ---- 





Railroads. : 66-74 







































‘American 0 Columbia 2=4=2 
Fig. 69 Fig. 70 
‘Atlantic 2 Mogul 2-6-0 
Fig. 71 Fig. 72 
IO_O Ooo, OOOO _o 
Ten-Wheel 4-6-0 Consolidated 2-8-0 
Fig. 73 Fig, 74 





errs renee weg ak with ad 


of the omit aornward bend fig. 68, 


which regulate the clearance between the 
‘lose attent Tf too loose, ths Joma wi oad ad ba 
fay stick and eanse a breif the ear, 
more: than the right. To u ‘redgen 8 ‘near the 
Sear thelr postions, and slacks thera book 3g ns mig peng | 
fare classed by the nbmbers and of their wheels, 
| by which they are in 


ieee ore aud the smaller ones 
the 


wers, (2) iver oa 
Savard work rear truck wheels is 


‘By es ryote tio Atlantic'type becomes 442; the Columbia, 2—A—2, ete. 


ieee ent tier proportions adapts to Nick ae Seay beet bas 


uA 


Tis’ 
‘can make’as much steam at a 


Petes er has oi ft cee ith 


eats. "The throttle is at the bend 
stem is prolonged throngh a stuffing box over the fire door, 
has two dampers, one at the forwand and the other at the rear end, 
‘Me Seatee above ee gate then tn, seaiounry, WONG, Ay FOSRLAE DF 


rm nd a stack, and tte design 
requirements of forced draft and the 


The | Ndelivers the exhaust steam throtizh iti 

Peimeiok ap A high velocity ‘The height and orice of the nostle nat be puch 

that ‘i cg ‘the stack at its bottom. The should not 
pear ten ae > megs ip ay py! ‘the pistons 


Google 











leh blocking is the same in prin« 


to move a valve out of its position when blocked, 
© aah ‘resist displacement by vibration 


the blow must be blocked off at the 
conver fs not broken, it may 


hhead is broken, It may be possible to close the forward 
itiniaerrretone 


-When steam is cut off from side 
soeeeaeaca ved 10 caterers 


t should ‘be made to replace it. If 
five Bar ine 


> 
Ufa break occurs in the cos tion. bot 
may be set ‘a fix 

“ESE ae oer 
‘the link block will do, fig. 88, 
Sees ns cbt ok he engine ean not be 
‘If the break affects both sides, take mt , hangers and block both link. blocks 
0 Angle i ban rard cut-off “pon will haul the train, In this 
case no change can be eee Wenzel possible to reverse. 


engi 
, if necessary, so that the ee ‘can be worked, in which case 


steam ean be shut off sufl Half “operation of the engine by placing the reverse 
Tever on the center. 

If the broken throttle is 
cover of the dome remoy. I. 

Drifting.—A locomotive running with steam shut off 16 sald to ce 
Grift. As tho piston must move, the cylinder becomes 2 yarny, WHA NETS 
affafariog it by cladere or hot gasou drawn in trom Yue WAS WO 


Google 
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Is not |, set the reverse lever in the end notch, forward or back, aa the 
bbe, and open the cylinder cocks-and give © little’ steam—just enough to 
96. 


ie —AI off the rails but not off the ties ‘often be 5 
witbonsomldstanisauce: capoclly fae nofien the ows, only the poe cack fe 


Soae Sorm of rerviling frog, 80 and 90, should be carried on the train. I 
there is not ‘heel off, give preference to the wheels which 
fhe alraed bles up under the bern bs 


Asa rule, an engine will go back easiest over the route it followed in going off, 
‘When happens to th there is al 
the engiveer Sod ean crew pee Er 


for 
‘the machine to be towed in. If help is sent for, 
SeSishtead ey ete bis Canine sendy co te oved by ucts Uap Malate 


in pipe to the auxilis 
voir to the cylinder, and from the 


98, The 

neer's side just in 

AL may be ran faster, bat not for Tong, asi will get te 

from the ‘compressed air. If tun mw iE may 

Past ‘heal a causing tho same air to be recompressed without the cooling 
reeh out t. 


ibricated by a swab. 
igh, as little is required, No 


To start the pump, open the draincocks of th éslnder apd valve chost 
admitateam slowly to blew out waterand warm up gradually. When there isa pr 
ture of from 20t0 30 Ibe. im the reservoir, the cocks may be closed and Tull steam 
fiven. ‘The pump when earted regulates automaticaly by means ofp 
governor, starting when the train-pipe pressure falls below the standard 

ng whew Te gocs above the intr parts and surface of the aif end are 
Ticuly to may tind stick and will require occasional cleaning with lye oF 
soapeuds, followed by u thorough rinsing with clean bot water. 

‘The triple valve is operated by the difference of pressure in train 

Mesriosind li" the tratn-pipe preesare ie equal wo ocigresien thet ata 
a the ale takes a position allowing se to yas frou Wat BSS WS 
errot, but through a contracted opening and not rapidly. This keeps 


ogle 





«This is called the emergency position. 
presse is Inereaed to somewhat moro than the auxiliary preset, 
position first described, called the release position. 
‘The engineer's valve is a triple-ported rotary valve combined with « difforentiat 
crave sulpeaney the distribution of air and pressures be- 
pipe and the 
pl ress in 
x ledrum pressure 
‘pressure act on valve 
its movements. The wi 


which is, 
eer's valvo is mounted in the eab under the engineer's band and con- 
nected to the duplex gage, the, main regorvoir, the train. pipe, aud the little drum. 
Tealso opens to the atmosphere. It performs all its functions by placing the handlo 
of tho rotary in diferent positions indicated by marks. 
‘There are five such positions: Running, service, lap, release, and emergency. 
In the running position, used when the train is in motion and the brakes oft, 
Air pasos from te nan recevoir the traln pipe and the litle drum, but through 
‘and also through a reducing valve, called the excess pressure valve, 
whieh ite pressure. Tn one form of engineer's valve the reduction is eon” 
stanit at 20 Ibs. In another form it may be varied. “When. the latter form of valve 
igtised the pump governor js connected with the main reservoir instend of the train 
pipe. In the tunning position a constant pressure Is maintained in the train pipe, 
enough alr passing from the reservoir to supply leakage, 
“Tw'thé service position, which is that of ordinary brake’ application, tho rota 
the litle drum momentarily to the atmosphere, reiuciag ita pressure below 

“of the train pipe, which moves the differential piston, opena the train pipe to 
the Were, and sets the Drake. When the train-pipe pressure rouches the re 
duced pressure in the little drum, or a little below, to allow for friction of parts, the 
‘piston moves back and closes the exhaust of the'train pipe, holding its pressure at 
that point. ‘Tho engineer's valve in such an application is et at servico until the 
Diao pointer drops about Tbs, when itt quickly et at lap. ‘Tho servic reduction 
fanot constant. "For a long izain, or with brakes in ball order, 6 greater roduc 
tion than 6:Ibe, will have to be'made. ‘Tho rule should be to make the least 
reduction which will set the brakes promptly and surely. 

J thie Tap position, all ports of tno rotary are closed wnd there is no movement 
REND ica Ae, Ct oat Me blak: hand shows the. prea Wie 

‘dram, 8 train pipe. Leakage should be #o small that all pressures 
remuin nearly constant in this position, 

‘throw off the brakes, the engineer's valve is set to tho position of release. 
Air direct, not through the reducing valve, from the main reservotr to 
ihe ta ie, alin ity pressure and releasing the brakes through the action of 
hatte valve.” Mh itera preenre tat tho mma te equalled with hat of 

pe. 


‘There is also a full release position, differing from the above, in giving a 
‘from the reservoir to the train pips, to bring its pressure up amore ly 
‘and give more positive working of the triple. 


emer 
‘The stan 


posi 


rovervoir, it i necessary to move Lhe Ye 
‘hand has reached 70 Woe. 
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el port of a triple or retaining valve must never be 


si ctx we 


sea a as nce tal 
s : 
Te ‘knowledge in its use. For military. rouds, it 
Reema th fiiectsaricitten tiara aria 
shoald be kept in ‘order, and engineers and brakemen should be trained in 
use and in the signals for working them, 
brakes are in use, the “hand brakes on the same car must always be 
entirely off, and when hand brakes are used on any car the air brake on that 
ear must be cut out. 
‘Military trains will usually be mixed, i. e., will contain passenger freight 
beige rhe inter bare a-cortsin amount of dock titoelt ‘couplit 


niagement of which is of great importance to smooth running, Ia 
ag ante, the care tend to ran together, when the tein, i 
in slarting the sack rune out and the train is enid to be st 
f- cata ‘h is:not probable, the slack will not give much, 
a ‘is part air, as it is Yery likely to oe ‘should first be checked 
3 erie an aera wa tae 
iuetion. shoul Up 
Dy ncufcloutteiveton 0 bring the train to's sap ut The decked goin 
‘The order of cars in s military train isaflected by some considerations other 
‘than the afr braking, but so far as the other conditions permit, the air cara should 
be placed next tothe engine and eut in, with the non-air cars in rear of them, All 
fair brukes which will work should be used. If n fair proportion of the cars are ait~ 
Draked, no hand brakes will be needed. If the air brakos in use will not control the 
fain, Hand brakes mut beset in addition, “‘Thote nearest the air cars should bo set 
first." When hand brakes are used on the’ same train with air brakes, the en 
mi dukes of and wait for the hand brakes to be released. before he 


‘Smooth handling of trains is, if possible, more important for military than for 

ond, since the management of a military road has a vital interest in te nervous 

Fantilion Di-teruunimete Safe when, delivered a} doetuations- Boginsers ate if 
fareful, handle trains without much shock and they should be required to do it. 


| 105. Sanding, —From the sand box on the top of the boiler, sand ia disc 
turonad set gach tl nt ata ‘on top of the rails, Sand'is used for two pur- 
the adhesion of the drivers and give the engine more tractive force, 

to ne ‘adhesion of all wheels to augment the brake effect. 

It is better not to apply aand to wheels that are slipping. If for increased traction, 
ibdown the steam until the drivers roll on the s, then sand and @ throt- 
If for braking, let off the brakes to be sure that all wheels are , then: 
fd ater th train hag ron is length, et the brakes ‘The object of this is to 
the wheels by sliding them on sanded rails, and this injury to the 
‘main objection, “ror at emergency sop, t oe without saying 

ae ‘applied without regard to the effect on the wi 
Band shoul not be run continuously, but intermittently, opening the sand valve 
Cy epee intervals of 100 or 200 feet, The ires will tale the sand up 


bad distribute ft. When sanding for a stop, continue until the train comes to & 
“When eand will not run ou one side, it is better not to use It on the 


‘parts of a car are the truck, the body 
‘American cars are principally of the 








cks. ‘The only important exceptions are on coal roads, where many coal 
es alee nnepaaies teria testes = 


bx lngbal ‘kingbott 
rium bento 


and the truck by anoth 
entngy int tha bolder epee toess reo 


cipal chnfuctvitic of ah trace Ja that ti pfeaar® la on the top of the 

instead of on the bottom as iit most stationary practice, A section of a car 

is shown in fig. 95, und a side elovation in fig. 96. It consists of 1 Journal 
fitting into jaws in the track frame, ‘The top of the box receives the 

rests on the journal, ‘The lower part of the box is called the cellar and is 

ned to hold the Inbricant. ‘The back or inside of the box fits fairly closearound 

axle, fig, 95. ‘The front is closed by the lid, sometimes called the dust cover. 
‘cell is filled with waste saturated with oil.’ ‘The waste must be alive or: 

Ba wl pm agnit the mderleo fhe oan, whet takes te cl By, 

the waste, If it mats down 8.08 to leave the journal, no oil is supplied 

Especial care is required to get the: waste upto the seqeeel oe 


nag an consists of the coupler and drawbar, rawbar, spring case, and 

Couplersare of two berlin Hak and pe 
a. 9899, and 100. The link and pin type is almost a Pine ta baneaed 

yautomatic is of many forauynitdepending on the working of » 

ir is attached to the underside of the floor by means of timbers 

or ceepeip Leta to the floor frame and forming a channel to receive 

case. In some forms of attachment allowance is made 

side motion, to reduce lateral shocks. The variable 

ears which a coupler permits is called slack, and that part of it 

‘which “fs caused by oot cocsTremslccnial dpeings iscalled spring slack, Passenger coup- 

Jers lock ok very Seah apie “are sy ‘with spring Vader, s0 that all thelt slack. ta 

b We considerable pin slack, the link and pin more 


‘The brake gear, figs. 101-105, consists of a aystem of rods and Teyers connecting 

‘the piston or handwheel with the brake beam, which carries at each end opposite 

tread of the wheel a brake block, in which is keyed a removable and sometimes 

apenas Beaks shoe, hs beam fe of wood or eal, the later. senslly ool 
iron, thougt 


109. Signals are given by means of targets, f s, fuses, whistles, 
posts, ‘tad boeeds, ait with neads an They may be 
‘in various ways, 
which may have several meanings, are contiau- 
‘thelr mouiuige, heir absence to be construed in 
porary signals, which hive but cnc meaning, and th 

‘Whit cane ‘nding! en trashgnals, which re thos cred 

Sabi rear ests to foilcate-the charemter cOwse textured ite en 
tion of its motion, and whether it is followed by other trains, 
require to be answered ax nn 
Permanent signals, as a Tul. 


Switch, crossing, station, and block signals, bell and whistle posts, slow boants, 
‘te,, are permanent signals, Lanterns, fags, bells, fuses, and torpedoes are tempo- 
‘rary signals. Train signals consist of flags and lamps. 

‘Second, into visual and audible signals. 

and night. NgRe SENS 
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‘Visual signals give their indications by color, position, or motion. The 
standard signals adopted by the American Railway Association, and in general use 
on the in the United States, are as follows: 

Color signals.—Red, stop, except on switch stands, where it means that the 
switch is set for the siding. A fasee burning red, on or beside the track, must not 
be passed until it goes out. 

Green and white, to stop; used only at points designated on the time-table as 
flag stops for the train. 

Green, safety or proceed, but may be given a different meaning by motion. A 
fusee burning ‘green ‘means proceed with caution. ed 

Blue is used to indicate that men are working under or about the cars near which 
it is displayed. 

‘White, not from a lantern or lamp, same as green, On an engine, indicates that 
the train is an extra, 

Yellow is used on some roads as a cautionary color, and red and green on others. 
For military purposes, a cautionary signal is less necessary, Red and green should 
be used if @ cautionary color is desired, as yellow has a special significance. 

Position, signals.—For a semaphore or movable arm. « horizental position 
indicates stop; a vertical posit lon, proceed; an inclined position, caution. 
‘At night the position may be indi ‘by lanterns at the ends of the arm, or the 
signal may be given by colors, the latter method generally employed, the movement 
of the arm causing screens of glass to come in front of the lamp, colored to corre 
spond, by indication in color, with the position of the arm, 

Motion signals are given by the hands and arms, or by lanterns held in the 
hand. They are shown in figs. 106 to 111. 

Any object waved violently on or near the track, or any demonstration with the 
sridont porpone of attracting tho attention of the crew fe, in cv a. stop 
signal, In military practice, it should be accepted asa signal to the engineer to 
bring his train under full contro] and proceed with great caution, whistling for the 
guard at the eame time, 

Steam whistle signals.—In the following schedule, © indicates short blast 
of the whistle, — a long blast, in proportion to fta length: 

Btop. Apply brakes. 
‘Release brakes; train will move forward. 
When running, train has parted. Engineer's answer to 

‘signal that train haa parted. et 
Flagman go back to protect rear of train. 

‘Flagman come in from west or south. 

Flagman come in from east or north, 

‘Train will back. Engineer's answer to signal to back. 

.----- To call attention to engine signals carried, or to ask for 
signals. For the former purpose, to be blown for every 

tmin met while carrying siguale, 
Approaching highway crossings at grade, 
_- Approaching stations, junctions, and railway crossings at 

















“I understand.” Answer to any signal not otherwise 
provided for. 
+ 0000-.......- Call for signals, 
00.0000, ete. Repeated short blasts, warning 10 persons or stock on 





©—0—0-, ete. General alarm, Calls out all armed men on train, 
Air whistle or bell-cord signals: 

Two, when train is standing, start; when running, stop at once. 
Three, when train is standing, back; when running, top ot next vation. 


Four, when train is standing, apply air brekes \t off, or release At on; When 
ranting, reduce speed. 


Five, when frain ie standing, call in flag; when running, ‘crease epend, 


A by day and in additions 2 gree f, cartiedon each 
sul et ie thn eet tt Eton Se tf laa tran 
Attachments are provided. Snide eno for enrying then “White 

fiage ‘and Highs So thoes pontiont, inutned of eed, indlonta thatthe Gaba bey. 
ia'hn exits, bat not thee saying is tliowieg: dee gmeensae tt 


is Racedae neaing, Mei ety the en Fh Nee 
Ing these aij o call attention to th wilatle whenever a train is 


impart a re 


the coupling 

ing oe ox ay tye] 
r and slower rh the core axe ootne, 

at the moment the 

hands in thetr 


ena tore tnatone cena eer sae soa any ot mes 


ings, the 
The engine bell is rung when the engine is abot to eit ld Wie Mapa 


way croanibge eer also ritgs the bell at stops to indicate 
Seam acne eri) 


its mean 
tyr 


eal Foqlrtnen tint every train or 
jreumstances 
both ena 


protection to trains {s of first importance to 
ey ab shen neglected rau “perfortued as to. 
Than any otter one cause, 

‘running train can be: ‘a flagman walking on the 
ages rn ib Lath in Sen nap ed 
Stariaghetn CS hea bac ‘allow 

faoainer 
fearing ret fo see the oo attime: pMairale it 
of burnit pay. 5 or 10 minutes, and 
ri eng apart, ve teegraph gt eh ac 
At is eames ‘that stop signals rotecting trait 
saglaser and henceboth oth hadible and visual Sea eget eas 
peers that one or the other will be n 
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a should go back: of mile ram the end 
hee) 

Jamp in “When 

sonoea torpoto wo Pall lengths front the Ares ¢04 Se} 


tp ese fi he asian eae. comming 
if break in the track, a wreck, or a work extra must bo similarly 


reo “Tratag.— the word tain ts ual fo vlToed thnubgs with Yo 
btn a am ‘and, as e Ge ro voling sok has ay a ‘to 
track unless made up into such tratn: “ 
in the same direction 


and all, the I 
raced Tio, ar called soctioage = 


st Keop 6 mine. off the 
er must Keep not Tess 


ch gives rise to penn it oa Tighter 
su . ase. ‘ 
add and f ny 


us 
Spal et nig shed vane danger to tl ‘the 
disturbance rote i, caus 3s 
which will rarely be large enough to stand any loss. 
panna Fel re fit eee Whe ran Ba Acsenaled aayi and 12 Bua ae 


fie te ies cotta 


Zé Pees 


the 
sf as diet i ote 


fata 





‘trains are next , beginning at the bottom and plotting 
‘tothe right, Allintersections of the two sets of lines are meeting places, 
‘and the inferior lines must be s0 adjusted that these meeting places will fall ‘where 
enough to take the inferior int snch poluts the inferior 
train yand leave after the superior train. It will be found con- 
‘Yenlent to take scale go thut the length on it of the numer of miles ta be 
‘will be the same as the ofan hour on the time scale. ‘The 

‘Funning-speed slope for superior trains will then be 45°. 

sine alpha for h 
118. The average distance between sidings and the speed determine the interval 
‘or headway between trains, Superior trains can not leave the initial point at inter- 
‘Yale of less than twice the time required fora train to run the between 
‘sidings, supposing that distance tobe uniform. If the sidings are not equidistant, the 
headway must be increased for the same running the manele 80 
‘that it can not be much exceeded, the headway must be twice over 
longest distance between sidings. 

‘tis obvious that in building a line sidings should be placed as nearly equidistant 


a and in over an existing road for military purposes, the necessary 
Siditonnt sidings eliminate long fetches should’ Bo'put tn at tho eerie 
‘opportunity. on 
119. 
of 
it 
minutes 


Fig. 
wo a age Of a road 40 tiles long with, 7 ‘between termini, on 
7 fs proposed torun trains at a schedule speed of 10 miles per hour. Estima- 


12 shows the application of the graphical method described 


for stops of the superior trains, the 40 miles must be made in 324 
‘hours running time and the resulting running speed is 1134 miles per hour, 
Considering it unsafe to uire superior trains to run faster than. will. be 
‘necessary to make a schediile speed of 10" tallee pér Hour’ atid tie" tiasimuss 
Aistance Vetween sidings being O54 miles, the minimum headway te 5% *— 1.3 


4 headws 


xt plotted, the requirements being that cach shall leave the 
fore the 


‘will be noted from the diagram that the average 
schedule rains is 8 miles an hour and that ut oo time is an 
inferior train required to run faster than 1134 miles wy hour. 

AY Points, indicated by dotted Wines, the Wiedot take wey Ws FSS Se 
and walt at the metting point for the superior B.S 
This diagram completed and adjusted, the times wey we TeAd SSS 
schedule and used to'Dll in the sckeae coftuunms ot the merits 
,00ale 
8 





are | a8 31 and the 
wire notifies ‘that a 


Some roads do not use the 19 form, in which case this sign 
safe use of the 19 order requires a highly trained personnel 
probable that that form find no considerable: 


"Those to whom the order is addressed, except must then sign it,and the 
operators in the same sequence as before send the following message to' the dis- 
“Train order No. —, to train No. —, Sigued by —.” 
On receipt of this message trom the last of the offices 
sepa 2 Bach writes ** complete” and 
‘signs his last | and delivers the copivsto the proper persons. The 
order is now effective and its execution begins at once. At any prior stage it acts 
3 a hold order and no train affected by it can move, ‘to clear the main 


The must show his copy of the order to the brakeman, anid th 
gonductor mu copy of the or 7 and the engineer 
A train order remains in force until fulfilled, superseded, oF atinulled. An order 
polok, andthe rin can aot pas hat point without other orn, unlens es 
: -canl not pass that point t other unless it is 
Gqrogolactrein on noe. Aw orice giving tts Hintsi fuliled when to tne nt 
‘has expired, and the crain to which such an order bas been given can, not proceed, 
except as above. 


125. The following of tho standard forms prescribed by the American Rail- 
way Association for the body of an order are epplicable to calitary conditions, and 
Htereity, whenever le, Some modifications hay 


de th meet the special conditions of military operation. 

‘Form A.—Meet order: 

“No, 1 will meet No. 2.at D.” 
Several meeting points may be contained in one order, as: 

“No, 1 will mest No. 2 at D, No, 4 at F, and Extra 28 North at G. 
‘A meet order should not be made for w point where there is no 

rH a siding is s0 located as to be convenient for & meeting, 
‘Office should be established there, 

Form B.—Passing order: 

No.1 No, 8 at D,” 

oe wal ‘pass No. 8 when Svertakea,”” 

Form C.—Giving superior right: 

fo. 1 has right over No. 2, A to B,!” or 
Extra 804 Kast has right over No, 3, C to E.”” 
“Tf the thulis meet Between the designated points, the 
, if the meeting is at either of the poluts, the fifst-nam 
otherwise {in the order, 

If both trains are ‘and the second named reaches the first-named point 
fore the other. re, ib may proceed, keeping clo of, the opposite, 
five minutes. If oue is an'extra, the regular must not pasa the last-named point 
stil chaaxira bas arrived there,’ Ifthe meeting ia witha or bagond tes 
Hit; the conductor of sho socond-namecd tran Must wap Ue eR ANON 
ita conductor of his presence. 

Form B.—Time orders: 

“No, 1 will run twenty minutes late © to D.” or 

“No, 1 will wait at B until nine a. m. tor No. 2." Google 
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section, a stretch of track 5 or 6 miles 
of a foreman and, roughly, one man for 


mile 
the it 
tnymtary rts wt Pola ot enced 13 wi ice 


sore fier cop oad et iPass fem, hn cutest at 
en srminals for quick repairs, turning, fuelin ywaletag aly 
Practical, housing, as well as for the comfort and constol of the engiue crews. 
For train movements the unit is the division, consisting usually of two en- 
districts, he division is the real eataiuwtracio units et fa ego that the 
eads of control are first collected into one pair of hands. ' The division super= 
Intendent Ja the rnllng pies. It tne nw je long enough fo ake Srpsaoieaam 


‘manager, but 1 is 
sch rit to deal o d iy work. “He devoter hi attention to 
nifying the wock of the'srveral divisions, to mation 
ivisione alike, and to extensions of the line into new tetritory. - 
‘concentration of authority in the division superintendent. is the 
— Toads nd he srethed eek ested io selltay aonaitionss Rates eat 
toada adapta aystem which may be called the department system, in wich all Unee 
Sonot converge tnt they reach a very high offcin, often wvice-proident 
ty of civil roads are organized on a combination of thé two 
sets ltesdot outs souverae er the evn supprtiondcor on 
to higher authority. 
imebangn of eopstate benoches of ores division! hhas charge of the 
in of wer en; 
Censtrsion tt malnsnuneso tack igs Sit uldagn Sed soy ot wore 
fwhdcl tany be conlgued tine cngioenedopatislont. fle trststead uate tracker 
by roadmasters, one for each 30.or 40 miles of the division, who in turn 
epee Sasrencio geoge and ort sina) Be division engineer attends to 
bridges, trestles, oulv ings, etc., through a superintendent of bridges, 
who controls and suy eleitan perk of chectariecn Genpeessmereeniecantt anand 
each under its own 
190, A master mechanic has charge of all motive power of a division and of all 
repairs to cara which become necessary while the car is on his division. _He:may be 
aasisted by an assistant master mechanic for each engine district, who in turn 
aiects the work ofthe repair shops, and roundhouse foreman, who rus he 
tusiguiment of engines and crews Go uty aud sttena totve care of stigiaer wad nome 
Under Ge edathat mibhirabdbadls w cited ear ropaleer apervies the work ot 
oneeiee : 
‘The chief train dispatcher Ie car te sig ey te 
Bdkepemppantinn bat Cernapirsech of cary sett of We soslgaieast oo 
Fons kod fopeletise a fccla rewes Ia tats ark Ne wey be coated bP Poamed 
maniter, The hie dispatcher slo asia he Avision superintendent nthe mraligs 
ment of time-tables een Orne i aerate ee 
If no nonmilitary traffic is handled, the operators will also act as station 
ant minor points, and thelr work in this capacity may be regulated By 3 tho ei 
patcher, "If nonmilitary traffic is carried, which will almost always be the tm) 
seater or Joay extent, division oficial wil bo required ns passenger and 
Sgaak, coke will oooh tao stiog agents nat asrengetasalestee the eepeames 


master is juired to direct the 
races rae! spgster ie ies 


‘The yard master is under tvton ofthe trai master, bit hi york 
cotati ti be indica rape 
f tan ion ba lubteaen Ay taper TS Bad 


: R 

181. Assi troops.—In troops organized race 
aay le ena Sa be aclected with renee 
same. 


‘a8 railroad men, and the military aud railroad precedence would 


‘When officers and men are detailed from line troops, every possible effort be 
Et rns Nena veep wa ood = othe eee 
position for which his railroad qualifies im, without Wecoming 
fate tou juator or in authority over a senior in the ‘worvioe, 


ogle 
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military railroad, like a civil road,. 
it with, — ‘possible Sinpatchy and deliver tt mpctie 


re fh 
iii eeipcheat deer shippers ant aod saudigueen areas meapee 
Pera ped gre covered a. the ie Fist Be oe Wogulatioar ae ure ire also toatiers 
mer vee hin ronds, with diverse the 
ees Ser it ‘technical se the oad, Mor 
phot sh ni ke And that slugle interest should be ascok. 
‘and communicated through authorized 


ete tah technical staff iy that all trafic shall he 


ery of traffic are Sa ap serae 


er od cacao 


pas scald nob. be nade. seer cea fo got i 
moved the officer respoalle for property ‘them. 
shipped without trope he aioe aul he 
in by @ responail ie ageas, Uho el optata the nesaaey mm the 
‘and return them. Other conditions 2ot prsventing shipmpenta ‘thoula'be 
‘In gach order a to tciitat th 5 See, f ub agent ot saparensgo 
‘train or by a group of train, 
7 tal shoal wok be Conte treated as having any connection with the rallread. 
eto ava the contents and destination of 
eae bat perfelen 
alread 30 ‘aes ie 
tion ae eer ae ane 


are 


Je epregenting, the neces transportation 
i sh be fn close touch Reais channels 
Hine, 40 tha the former may be constantly advined 

ed, and the Tatter may be advised as to what pur- 


tin the obi of the technical railroad staff to 
CoS Ate beeen g ec 
a iicteel Sart ete 


fee 


emponeod 
ene mun 


sts must be occupied by Serrlscns proportioned idixsligeh 
force at 


is 
 eatpout Would be wattoned seth 


Lae et mere feng torr gece wha te ne 
these parties must 


. ie PEKKA. WY OE 


distance. 
1 defenses. 
Google 





poe 
jolld never bs toge! 
chment to work tho quick-firing gun, an engineer detach- 
a and 
anh sabieneats igs bp eaten 


Position demands on its mili Pre ne ipaiat iad 


selection, aasigninent, 
armored trang, and Wi detorminc 


“U0.” ba Aimseil tro o'be moved orders will Be trineniltted 0 ts bon. 
ean ee ‘where he is to go, whut he is to do, and what phd lon 
z “It will be much better if these orders are sent through the division 

it, or duplicated to him at the time. 


‘In passing over parts of the Iine where trafic is not disturbed, the armored train 
shoul ron as any other extra, When ready to leave the termitius, the commander 
‘of the train should call up the dispatcher and ask for orders, and on receipt of them, 
‘move his train in accordance therewith. It is to be assumed that the dispatcher 
understand the importance of getting tis extra through and will act accordingly: 

‘On arrival at.or neor his destination, the commander of the armored train is likely 
to find the track clear for his work so far as ordinary traffic is concerned. Here ho 
ill Recomary aaron local contol of the road. He would tun exsrena thi cone 

‘aking for such ordera as will enable him to ‘work, leaving the 
Ca ee ar at TaIhS Tang VAIGU: can Do debe SRB GE her: 
fealactee beings 


(41. From a tactical standpolnt, the work of armored trains may be grouped into: 
of work’ trains, 
‘of trafic trains, 

* | Independent operations. 

In escorting a Work train, ani armored train goes On alone to the break to recon- 
noiter and drive off the eneiny. This done, It returns to. the nearest siding, brings 
cout the work train ahead of it, and remains on guard while the break is closed. A 
‘ainglé one of the several armored trains employed in South Africa was preseut with 
‘construction trains on GL occasions. 


In escorting single trains, the place for the armored train is behind. If the train 
iat ‘ve armored train should be between the first aud secoud sections, Tt 
6 stretch of line threatened by the et SF rig it ir gpm od 


S convoyed by an armored train. Tf the dangerous stretch fs short, it will bo 
otter fo have the trains run on schedule and let the armored train escort them in 
tach direction through the danger spice, which will be treated as w block, the ar 
mored train corresponding to the pilot man, 40 fur as operation is concerned, 

‘Tndependént operations of armored tratnls divide themselves into: 
5s day oF night, . 
local guard, 
7 


ning we 
Gutting the enemy's line of retreat, 
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, Patglling by day, will oxual 

ware citar riley oF 

be made at night. When night 


Bere uramoal iene Tho Weck Shoutd Be cleared 
cach ornts con peel es soston wftuoet eatay 


‘lights or making signals. A train 
pepo rms Rrenr weary a “i 
ison re 


|, flat car, heavily loaded | 

i avead of the The arse tne ‘each mor Seghapees 

Eoabtd of bol shocie pull rach w cae Ghasd or iete any ea ae 

have been placed during the night. The train can urually be stopped in time to ¢s- 

ape injury aging cts amps tea 
18 available for repalrs. 


edi Seconnoltering toward a force 4s , care must bo takin toto 
Jet he enemy get on the line behind the tran. 8 foree may be combined 
PLE ER inti lag leetthepemrr 
\e line where the train can not use 
such as gorges, should be explored by scouts before the train advances, 
Suse mie to the line, may be by an train. 
{t's better to have all the column on theleume side of the ine, so that thetrain may 
form a flank and-be well advanced to prevent a turning movement on thst sid 
Ingenoral, when an armored train can be put within 
enemy, with its retreat 
moving fort and its, 
protection. 


142) Pld rallways.—2txinsive uo wil bo made of portable zalrays ta fear 

of theline of encampment or bivouae, and in the zone of investment and in parallels 

in siege operations. 

Portable track consists of tangent and curye sections riveted or bolted to metal 

ia: hd of awitchen croentngs, Goratatton, etc., made up in single pieces. 

‘In Manchuria, both Japanese and Russlans used equipment of French manufac- 

ture. “Tn the Japanese equipment the i vectiony are 6 ft. ¢ jsilong, the sale 

bolted to 8 ties. Two splice bars are bolted to one end of each rail 

i ods sit byt whi ngage awe at psa ‘ad 

STAch SSG iaiet ts Sniel ep sa sopscn ie eit hon no ee 

orizontal position the two are fairy locked, ‘The gage is 23.0 ins, 

“The curve sections are similarly pat together and are of different curvatures... 

‘The Russian material differed somewhat from the above in form. The ordinary 

sections were 5:ft. long, the two rails joined by a 34-in. iron tie-rod at one end and & 

sarees isn tis ccncare downrara ob tuelgic<s.fsle eighd Oana 
‘ins. high aud 234 ius. base, ‘The connecting device consisted of a 

‘ted to the outside of the eb of each rail a the rod, ond, ng pind, 

ead of the sdlacent sal The tie profected hon the sa the gee 

‘section and supported the rod end of the adjacent gection. The gage was 

Se 


Cars were ran in epee 
chaiging home approximately 7 milesapart. With this arrangement 


Google 
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it 600 of! both re 
STR of Shwe tone was show 00 tna ot frtght toch ware day. This comi, 


‘The Bussians used animal traction, mainly: two mules pulling the car or train, 
‘one onesch sideof the track. The Japanese used man traction, mainly. ‘The speeds 
‘were low, according to railroad standards, though considerable compared with wagon 
traction, and the consequences of derailment not serious. 

If mechanical traction were used, higher speed would be possible, but derallments 
‘would cause more delay, and hence the track would have to be better laid. 

Double track should be laid, if possible, with frequent sidings and cross overs. If 
‘ingle track is used, sidings should be put in every mile or 20. 

‘Boyond these general outlines the use of such equipment will depend on its design, 
and will be obvious to thoee who are wupplied with it _ 
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‘Tanz 1—Blements of a circular curve of 1° curvature, 5,730 ft, radins, 














Lon 
xt, det, let. dia, 
4 | Teng. 7. | a 4 | Tang, 7 | chord, 
“ bea LG. x L.0. 
1 0 co] 0.218] 100.00] 9 00] 450.98, 899.00 
10 34| 0207] ne67 | 10} 459.32 915.70 
20 et] 0.388 | iss. 20) 467.71 992°81 
80 ai] 0.41} 180.00 |) 30] 476.10 948.92 
40 4] 0.606 | 166.66 |} 40] 484.40, 9665.65 
bo @8| 0.733 | 183s || 50} 40R.88 962,14 
2 0 or] 0.873] 190.99 || 10 00} 01.28 998.74 
10 35| 10m] 2 30} 500.68 1018.35, 
20 | 1.188 30] 518.08 3081. 95 
30 2) 1.364] 2 30 | 526.48 
40 336] 11552 40] 534.89 
60 7o| 1.752 | 288. 50] 4a, 
3 0 ot} 1,904] 299,97 |] 11 00 
yo] 158.38] 2.188 : 10 
20| 166.72 | 2.495, 20 
30] 175.06] 2.674 30 
4o| 193.40 | 2.934 40 
0 iia] 3.207 60 
4 00] 200.08] 3.492 12 0 
10] 208, 3.790 10 
20| 216.77 | 4.009, 20 
go| 225.12] 4.421 30 
4o| gss.47 | 4:755, 40 
0] 241.81] 5.100 60 
6 00] 250,16] 5.459 13 © 
1o| 25851] 5.829 10 
20} 206.86) 6.211, 20 
30| 275.21 | 6.606, 30 
4o| 2as57)  T013, 40 
0 | 2otez|  7as2 60 
6 00| s00.28] 7.868 4 00 
10| 308.64} 8.307 10 
20| sie.99| 8.762 20 
80] 325.35 | 9.230 30 
40| ss.71| 9.710 40 
80 | s42.08 | 10.202 60 
1 00] 350.44] 10.707 15 0 
10| sssce1| 11.228 10 
| seri7| 11.763, 2 
90] 376.64] 12°204, 30 
40| sasio1| 12.847 40 
60] soz28 | 13.413, 60 
8 00} 400.66] 18.901 16 00| 905.25 | 56.300 
10} 40003 | 14.582 io] 818.75] 57.498 
go] airal| 15.188 20| 822.25] 58,609 
30] 425.70 | 15.709, 30| 830.76 | 59.914 
40] 4917 | 16.426 4o| ss9.27 | 61.141 
60| 442.05 | 17.006 bo! sar.73| 62,381 


















































Long ' 
‘Ext. dist, Ext. dist. 
Tang., T- "| chord, |} 4 | Tang... a 

= Lo. . » 1.6. 
00 | 856,30 2% 00} 1970.2 + 2480, 
10| 864.82. 10| 1279.0 2496. 5 
20 | 873.35, 20] 1287.7 2512.8 
30 | 881.88 30 | 1296.5 2529.0 
40 | 890.41 40} 1305.3 2545.3 
50 | 898,95 50} 1814.0 9561.5 
00 | 907.49 26 00] 1322.8 2577.8 
1p | 916.08 10) 1381.6 2594:0 
20 | 924.58 go | 1340.4 2610.8 
30 | 938.13 a0 | 1349.2 2626.5 
40| 941.69 40 | 1358.0 2642.7 
60 | 950.25 bo | 1360.8 2858.9 
00 | 968,81 27 00| 1875.6 2675.1 
10| 967.38 10| 13844 2691.3 
20 | 975.96 20 | 1398.2 2707.5 
30 | 984. 63. 30| 1402.0 2728.7 
40 40} 1410.9 2139, 9 
50 50 | 1419.7 2756.1 
0 88.389 | 1989.9 || 28 00 | 1498.6 2772.3 
10 ‘39.888 | 2006.3 10] 1437.4 2188, 4 
20 91.899 | 2022.7 20 | 1446.8 2804. 6 
80 goat | 2089.1 30 | 1466.1 2820.7 
40 94.462 | 2005.5 40} 1464.0 12836. 9 
50 96.013 | 2071.9 so] 1472.9 2863.0 
0 97.58 | 2088.8 || 29 00 | 1481.8 2809.2 
10 99.15 | 2104.7 10] 1490.7 2885.5 
20 100.75 | 2211 20 | 1499.6 2001.4 
30 102.85 | 2137.4 30 | 1508.5 2917.6 
0 40 | 15iT.4 2988.7 
60 60 | 1626.3 = 2049, 
00 30 00| 1595.3 +2906, 
10 10| 1544.2 982, 
20 20 | 1558.1 2998, 
80 30 | 1962.1 
40 40 | 187.0 
50 50 | 1580.0 
00 si 00] 1689.0 
10 10 | 1598.0 
20 20 | 1000.9 
30 30 | 1615.9 
40 40] 1024.9 
60 50 | 1633.9 
0 az 00| 1083.0 
10 10 | 1652.0 
20 20 | 1061.0 
30 80 | 1670.0 
40 40} 1679.1 
60 60] 1688.1 
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e7 oe; 
st 00/ 4993.6] 1005.3}. 7442.2 || 86 00] s94,0) 2108.7 
10} 4908.0 ws1a.7 | 7454.9 || 10] 5858.6 | 2115.8 
2] 4022.6] lor1| 467-5 || 20] ssa.) aaz6.0 
30] 4937.0 1888.6 | - 7480.2 || 90) 5380.9] 2186.7 
40] 4061.6 1003.1] 7402.8 | 40| 5405.6) 2147.5 
60} 4986.3] 1062.6}. 7505.4 || 50) b4zi.4| 2168.4 
$3 00) 49007] 1862.2] 7518.0 || 87 00 | 5497.2] 2169.2 
10] 4905.4 1871.8 | 7530.5 | 10/5451] 2160.2 
2] so10.0| rse1-5| 75421 |) 20| s400.0| ator. 
80] 5024.8 | 1901.2] 75656 || - 90] S4e4.0| 2902.2 
40 5039.5] 1900.9] 7568.2 || 40) 5800.9| 2013.2 
60 | 5064.8] 1910.7} 7580.7 || 50] 6617.0 | 2304.3 
83 00] - 5089.0] 1990.5] 7693.2 || 88 00 |. o5s3.1| 2295.5 
10| soso} 1080.4] 7605.6 |] 10 | so4o.2 | 2246.7 
| s000.0| 1940.8] 7018.1) 20 5505.4 2958.0 
30] s1is.9] 1960.3 | 7690.8 | 80 | 5581.6 | 2260.8 | 7996.2 
40|, sizs.9| 1960.2] 7o4s.0|/ 40] 5507.8) 2260.6 | 8008.1 
S0/ 5148.9 | 1970.3 | 7655.41 60) S142 2202.0 8020.0 
84 00] 5159.0) 1980.4} 7067.8 |] 89 00 | 5650.5 | 2908.5] 8031.9 
3o| 5174.1) 1900.5| 7680.1 || 10 | 5646.9] 2815.0 | ses. 
20 190.8} 2000.6] 7602.5 || 20 | 5603.4} 2820.6 | 8055.7 
g0| 5204.4| 2010.8] 704.9 || 30 se7o.9 | 2338.2) 9007.5 
40| s219.7| 2oz1| 777-2|/ 40| 566.4] 2349.8) sotv.3 
0} cn.o) 20sia| 7720.6 |} 60) 6718.0 2361.5 | 9001.2 
85 00} 5250.3) 2041.7 | 7741.8 || 90 00 | 572.7 | 273.8) 8108.0 
to] . 6265.6 | 2002.1] 7764.1] 10 746.3) 2385.1] S147 
20| “s2ei.0| 062.5 | 7766.3 |] 20) 5763.1] 2307.0) slan5 
30] 5206.4| go7a.0| 7778.6 |) g0| 5170.0| 408.9 | 8198.2 
4o] seuy-g | goes.s | zroo.e | 40) 706.7) g4a0.9 | s1s0.0 
wo 4). 2004.1. 708.0 || 60} 5e1s.6) 2492.9 8161.7 
Note.—It 4 x D is loss thaut 600, the error in tang. dist. of the above table is 
Jess Hina O47 It 4 X Dis le thin 400, the error in tang: dat. ie Louw than 0.25 
ih Tess ‘the error in tang. dist, is leas than 0,1 ft. 
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‘Taste 11.—Minutes and seconds in decimals of a degree. 





Bec. | Deg. 
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Tacx III.—Tangent offsets in feet for curves of small radius, 





Distance in ft. slong tangent from PO and PT in parts of radius. 
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Tabular numbers give le 

















Ordinates. ae 
Ee 

Mie | side. || 52 
1 | 0,000 | 0.000 || 26 
2 | Z000 | "000 || 27 
3 ‘000 | ‘000 || 28 
4] .000/ .000 | 29 
5} .000| .000 |) 30 80 
6} .000} .000 || 31 
7| ‘oo | ‘ooo || 32 82 
8} 001) .000 || 33 88 
9) .002| .001 || 34 cra 
10 | ‘002 | ‘oor || 35, 85 
11} .003| .002 || 36 86 
3a | ‘003 | L002 || 37 87 
13| .006| .008 || 38 065 | 88 
14} .008 | .003 || 39 067 | 89 
15} .005 | .003 || 40 +069 | 90 
16} .006 | .004 |) 41 ol | OL 
17} .006 | .004 |) 42 073 | 92 
38 | Loot | L008 || 43 : ‘016 | 93 
19} 008} .006 |) 44 a 078 | 94 
20} 009} .007 || 45 +083 080 | 95 
ai| ‘o10| 2007 || 46 oak ‘oz | 96 
22) .O11|) .008 || 47 036 085 | 97 
23) 012! .009 || 48 +087 087 | 98 
4] lors | coo || 49 | “052 | oso |] za] L119 | ‘oso | 99 | 
25 | loa] ‘oro || 50 | Lost | Sono || 75 | ‘128 | ‘ove | 100 |] “218 





















































For distances greater than 100 ft., take from the table the ordinates for 34; 34, oF 
2% the distance and multiply them by 4,9, or 16, 
'For any other curvature multiply by its values in degrees. 


“op Ta SeAAUEND JoMO “ST Pu TT suamIoo uy seAAUENb o} $1 ppe ‘FEF 6 ,F 10K 
“2oue 
oy re 80uy su SreIyS w Jom “et Pus TT ewuIOo Uy soe om wos} eoUeIODIP om ENIGNS ,g UAE HyBuE] LorvOIT 






































Jo Tres Bouy 3q37eys 

mo wk oo F 99°89 oe oe or 00°s% wT 8st 919k SU'lé oo OF ] aL 

wo 89°99 m9 we or we or 00°98 iT sr eo 62°98 ag m1 
4 wo 8 68°89 wk 96°99 oF se sot 00°S3 we ‘9 80°89 89°9L og Oo 

ae 88'8o wé 96°09 or ge wo oT ‘$8°8S wt 1 20°89 39'0L wo 6 
i mt 80°8F Ig 11 | 80°F sag wo ort 19°08 wt 1 19°29 L199 OL 8 

w oT oF 90 OT | TLOF we wo wT 09'8T wt ‘19 00°LF 0969 os L 
i ww we Lb 8 | ee wok we et 19°91 wt ‘9 90'TR 99°89 we 6 9 

et oe BLS 90 BB | 8°98 w6 ws ws 93 es or 90 °SS FOF GU ie 
S boo a se a 50 40 40 a so ia ns ce 40 
Fee Fagasl ee [sas] | ee |e |i] oe tes] ae Fee [i La, 

‘amg ands, “amg sands 
va Jp pet go m0 “Bont 
— — 

















g . “eagmappay ‘57.04 p.aroqiana Sou} of BORE UKs quis pow ads Jo suOIsUQUTG—"A w1EvI, 


"+ RATLROADS. ‘358. 
‘Tance VI.—Namiber of spoctal thes required for single ewttches. 


























Se FO OUOOU 
« I i 
‘Ties, 7 x 9 ins. required for each 
be. reg | venett Number. 
j ] y ] 
a Re | 
Stub switch only_____ eo} 1 1| 3|s|3|s|3| 2] 2 
Split switch only. 9| | 6/10) 10/10/70) 10) | 1 
nll 4) s/s) 7) ¢| 2)a) a 
' 2 3) 6/6|7| 3) 9 
‘Stub oF split switch — 3] 8] 3) 3/4) 8] s} a) a] a 
uu} 3] 3] 3] 6] 4] 5) 6] 6] 7 
w/ 2] 3] 4] 4] 6] 6] ee] 8 








‘Taste VII—Distanees in feet measured along the main rail between the frogs 
‘of cross overs, for a gage of 4 ft. 9 ins. 
cont 














Frog 
number. 41 | 18 13.5 “ 

ra 32.08} 15.00] 17.08. 

5 1675] 19.17 | 91.58 

6 goss] a3.s3| 98.95 

7{, 30-08 gas2| 97.25] 30.88 

8] 161 27.68 | 31.50 | 35.50 

9} 3si7 S103] 38:58! 40.08 

wo} er seer | 30.08 | 44.58 

nn} 1635 38.25] 4.75 | 49.98 

2] 11.75 aier| 47.08 | 58.69 

















Note.—If the gage varies alightty from 4 ft. 9 ins. correct the tabular number 
twice the difference x frog number, Add the correetion if the gage is less that: 
9 ine.; subtract if it is greater, 
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PART V. 


FIELD FORTIFICATION 


INCLUDING 


MINING AND DEMOLITIONS. 
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PART V—FIELD FORTIFICATION, INCLUD- 
| ING MINING AND DEMOLITIONS. "| 


recat tain pit Pa by engineering devices the fighting 
‘These devioes ave for 


eee ft ere yin 
mobility, r 

2. Pleld fortification deals with th: ration z etwraetieest 
igcscat toc innetiatootk pesipagtat--sha tial pansion Arch dectves ta meen 


value from the incidents of a pending campaign and which may lose that value ut or 
Before the cls of the campaign, inne 


8, The principal classes of field fortification devices are: M 

Those h of 
sia cen cee Sl ae 

ifr tes Piich protect thedatandansh Cheam oeteenches, 

Pr mnes ress blockhouses, ete me 

Masks, whic concen edelendac fro the suslnts Vane stents om pemeale 
‘ments, sereens, etc, 

‘Obstacles, by which the ndvance of tho ‘asattant ta YetaWiad-“abattiay slashing, 
entanglements, ete, 

Facilities for communication for the dofendor—roads, biidlges, tlographis, dtc. 

Obstructions to communicstion of the ussilant—destruction of bridges 
‘obstruction of roads, obstucles, ei. tH 907 

‘Many devices fall into more than one of the above categories. 


protaction of depots, vie ‘of coramunication, supply, or wettest, ete 
Enually intended to couble w email force to resist a. midch. larger on 
gupta Sexless Jntrenchunents and bays, grater 
works comprise devices 
Satchel trong fortiocaiony und apecally Choe device Wl 
avivance under continuonis cover. , 
‘The lines of division of the three classes are not definite. Some devices may 
belong to more than one class, and a work begun in one class may be merged into 
and be completed in another. 


Cove rer.—Protection trom firs.o¢ view is usually called covery Protection 
{rota fire ie divided into horizontal and overhead cover. Hortzontal cover wives 
section went dieectorhorisontal Te usually takes the form of» ahatpr 


~ yertical ly #0. O' ctor 
Rieleusdle nr, dnd npn is rare rea nd shag aig ua 
Itordinariy takes the form of w shot-proot barren oF neatly. ONS 
[ccd ores arpssten fedsenes boss nceapreahal Shrtioenan Asc 
they are Tight, but ‘proof against rifle five or frogsente cr ee EN 
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former if they are strong enough to resist the curved and vertical fie of slege guns 
‘and mortars. ‘The term splinter proof is also applied to horizontal cover 
enough only to stop fragments of shell or shrapnel. 

6. Profiles.—A profile is a section of any cover made by a vertical per- 
pendicular to ite rection or practiculy’paralel the divecdon, ot ire 
against and over it. Vig. 1 is a typical profile on which the names of the com- 

Guihihe 
In ming © pris thé plat of hits (guppose byt) i tak ae! the 
of The of are stated 
Patent nd factongtins nove with toe pr igh and Hess below mins 
sign. ‘These quantities are inclosed in parentheses and are called references. 
Generally ing, the plus quantities relate to. embankments and the minus quan- 
tities to excavations. If the site is not horizontal the plane of reference is assumed 
to pass through a point of the site vertically below the middle point of the interior 
{Command uns refrance to ttaanes o sleratons & Meher poi 
lower one; the latter ‘by the former. vite % 

it qualification, means the height of parapet, or the elevation of 01 
crest above plane of site. ‘The degree of command of one point over another may be 
Speeds Oa itempace a srmtion ia owtsonintin, by the gradient of the line 


The relief of a parapet is the elevation of the interior crest above the lowest sar- 
face immediately in front—the bottom of the ditch, if there is one. With noditeh: 
sud w level site the relief and the height of parapet or command become the same, 

‘The clear height behind the parapet will be referred to as vertical cover. Ibis 
the elevation of the interior crest al ‘the bottom of the trench, or above the natu- 
ral surface if there is no trench, 

the thickness of a parapet is meant the horizontal distance between 10} 
BS loepheor angen tgs 
zontal cover. foal 


8, conditions which determine the form of a profile of horizontal 
covar rs fa tlowhng” a 


‘The interior slope or breast height should be nearly vertical, and its height 
at md to one of thi sie. Tying, c 
tmluat correspond to one of the adopted fing positions, 1. ., lying, Kneeling, or 


1. 


‘The thickness is regulateu by the kind of fre against which protection is desired, 
aa rifle, Held, or lege urtillry, and the range. 


slope should haye au inclination such that fire over and, 
sh naeenti ereee tacos eioe arts te ines saensod sa toed ee a 
the, exterior slope and the sides of trench and ditch should be as steep as the 
‘Of which they consist will stand. The banquette slope, if long, should 
be-cut into steps to facilitate movement over it. hated aaa 
‘The quantity of trench excavation and of embankment should ‘be 
Gee Sanath, Se iors Sea vtiog aid ot eater ace 
iton iin a tonch.”"Por heavy parapets, labor ta saved by making the Ken 
upply the inner part and taking the outer from a diteh. ane 
‘The command should nsually be kept us low as possible, for better concealment, 
Foe, the paiue rosso oll sharp acgion arta bard lives should be avoided 
The thickness of oninary earth required to resist penetration at 
battle ranges is 3 ft. for rifle fire; 410.6 fe for feld funn ald 16 620 ft foe 
guns, Tt should bo remembered that any protection is better than none. 
Concealment from view by a screen wholly inadequate to. resist penetration will, 
torrie five iy, greatly reduce the casualties since the enemy's fire will be 
eas rapid and less accurate if he ean not seo his target. 
Figs. 2 to 10 show of horlzoutal cover froin the skirmisher's trench form 
vedoubt to resiet urtillery, ne 


% Profiles to resist rifle fire.—The skirmisher's trench, fig. 3, gives 
cover toa man lying down. The height of parapet should wot exeeed 1X A 
Af thls profile, 2% ff. front, can be constructed in soft ground in 20 minutes or: 
cuder bre, the treuch can be constructed by «man lying down, We can wesc 


t Google 
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the ground, the 
f'n aring 
tion, Lae 


For example, aasume a parapet 6 ft. high with a sectional aren of 006g. to have 
a yertical cover of 10 ft. ‘This might be dug from a trench 4 ft. deep and 15 Tt, wi 
or from a trench 10 ft. wide and a ditch 5 ft, wide by 4ft, deep. In.soil which can ba 
dug to 2 ft, deep ouly, the parapet would hive to be 8 ft. high to give 10 ft. vertical 
‘cover, and itsarea for the same horizontal cover would be 95 sq. ft., which would re 
aauire excavating 2 ft. deep and 4724 1. wide, ‘The quantity of eaith to be 
ig greater by more than half and if ust be carried, on an average, more than tice 
. i 


12. Trenches are classified as firing, communicating, and cover trenches. 
‘The latter are used to shelter ‘exposed to fire and not in action, as supports: 
and reserves. They differ from trenches mainly in requiring no command. 
Communicating, trenches connect fring and cover trenches and offer protected 
passage between them. Concealment from view is the principal requisite, as the 

‘can not afford to sustain a fire on such trenches and the exposure in: 
them is to chance shots only, The important point in cover 
safety; it is very bad to have m in these trenches, They will be built. with’ 
01 ead cover, When necessary, to secure this condition, 5 
‘Trenches are sometimes classified also as offensive and defensive, the former 
for the forward movement, and the latter not 
trenches are offensive; standing and complete 


‘firing 

‘posed to artillery fire, cover trenches should be roofed if possible. Fig. 15 shows 
plan of firing trench, cover trench, and communicating trenches, developed as. a 
Feault of experience in South Africa,’ Fig. 16 Is a section of a communicating trench, 
Te the enemy's fire ie all from one side, but one bank in needed, und all earth should 
he thrown on the exposed side, Fig. 17 is a soction of an open'cover trench and fix. 
18 of closed one, ‘This section may algo be used for communicating trenches. 

19 indicates an arrangement suitable when the digging is easy and.the ground 
mits the cover trench to be dug close iu rear of the firiug trench. Fig. 

disposition to permit the use of a natural depression as a cover trench, Fig.l 
shows a typical form of cover for reserves or supports on a reverse slope. ‘i 


18, Head cover is ths term appli to any horizontal cover which may be Dro 
vided above the plane of firs, It is obtained by notching or loopholing the top of 
the parapet so that the bottoms of the notches or loopholes are in the desired 
offire, The extra height of parapet may be 12 to 18 ins, and the loopholes may be 
8 to 814 ft. center to center. 

‘Head cover is of limited utility, Tt increases the visibility of the parapet and re- 
ntricts the field of fire, At close range the loopholes serve as aiming points to steady 
the enemy's fre and may do more harm thin good at longer ranges. This Is expe. 
cially the case if the enemy can sce any light through the loophole, He waits 
the light to be obscured, when he fires, knowing there is a man’s head behind the 
loophole. A background must be provided or a removable screen arranged so that 
there will be no difference in the appearance of the ‘whether a man is loo 
ing through it or not. Head cover is advantageous only when the conditions of th 
foreground are such that the enemy can not got close up. 

that the latter 


Tocal conditions. "Theres wwe 
enough 16 take the Whe 
“aban rgle, called Ye SPANY, 


D Google 








thy ‘is constructed 

‘ noting tho navntage a 

t the that in the maladies Ne Be Bh 
‘dimensions of «loophole of sund bags. 


2 
be % in. if of steel; 
bE elegy od 
siden; by’ ‘noteh becomes a 
cod vnsll version ngiet Teopuctas tae 
fi ve + Hoop 
Such a form will resale from laying loge’or tuscines len 
at intervals by sody or other material, fig. 88, or small poles covered wi 


may be used, fig. f 
14, Overhead cover.—This usually consists of a raised platform of some ki 
covered with earth, It is frequent! ‘with horizontal cover in aie 


‘to heavy 


grass down, ; oF grain sacl 
, to prevent the Intter from sittin, 

‘The thickness of overhead cover depends upon the class of fire against which 

protection is desired, and is sometimes limited by the vertical available, 

tamust afford headroom beneath and generally hould not rabove the 


natural or artificial horizontal cover. ‘For splinter proofs a layer of earth 6 to 8 ins, 
thick on a support of brush or ples trong enough to hold it up will ec i the 
structure is horizontal, If the front is higher than the rear, les thickness is neces: 
sary if the rear is higher than the front, moro is required. “For bombproots « 
minimum thickness of 6 ins. of timber and ft. of earth is necessary against Held and 
siege guns, or 12. ins. timber and 6 ft, of earth against the howitzers and mortars of 
a heavy siege train, 

In determining the area of overhead cover to be provided, allow 6 sq. ft, per 
saan for ceoupaney while on duty only, or 1241. per man, fot continuots ou 
Taney not ofloug duration, or long oeeupation 18 to 20g 1. per man should be 
provided. 


Figs. 34 to 43 show a variety of the most nsual types of overhead cover, 

In a work of high command, if the earth is scarce or dificult to work 
and timber plentiful, it may be found that the eoustruction of supports for overhead 
cover will involve less time and Jabor than the corresponding volume of embank- 
ment, In such cases bombproofs should be introduced at all possible polnts, regard- 
Tess of the number of men to be sheltered, 


15. Trace.—In field fortification the term trace usually designates the horizont 
projection of the interior crest. If the interior crest were traversed (see rere 
fance), and the traverse plotted on paper or on a map, the result would be the trace, 
‘a general rule the trace of a parapet will follow the Hines of best natural cover oF 
‘which determine the strongest natural position, Tn practice, it usually hap 
‘pens that the troops are located with a view to taking full of the features 
Of natural strength, and the fortifications are thrown up where they are to. give them 
silditional protection, 

‘The interior crest sbould be horizontal, and hence) the crest should, a8 a rule, 
follow contour, Generally, a broken line will approach the contour near enough 
‘and will be easier to lay out and construct, If the contour curves sharply the trace 
should curve also, Augles must be rounded off to make them less couspicuous, aud 
Bf the boginning and end ofa trench ita bottom should gradually sae and Noe west, 
fall to nothing for better concealment, 


‘The particular contour to be jepende 
retical gs peice se gen 
sumuult of the ridge 7 is the topographic crest. 
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‘to the point 2is the one from which all the ground in front can be seen and reached, 
‘and fs called the military crest. The sky line is variable in position, From 
i line is at D. From E the eky line is at F. 
locating a line of trench, it is important— 
(a) To avoll a sky line; 
(b) To occupy the military crest o @ line in advance of it, and 
(¢) To preserve communication under cover with the rear. 
the ridge is stoep and fs intersected by ravines or covered with 
‘men could move under cover, a position near the foot of the slope, ax @ fh. 
Inight bo better, as plunging fie, besides being, more difficult to deliver, ta not 6 
effect fire parallel to the ground. Such a line would not be the main line of 
ce and Would not as a Tule be recnforced. A reserve line should be con- 
structed on the military crest and provision mado for withdrawing the mon from the 
front line under the best cover possible when it can no longer be held. 


ot ren n 
of like a line of men, depends upon 
flanks. of @ line retired, as in fg. 45, gi 
a profile dead space 
have a dead {in the ditch or closo in 
16 work is to stand assault, must be swept 
‘be made to bear on this ground, or a line may. 
Reps We foe shaw tn fe. 46, The lone Shand De 200 
or even ‘Tho short lines should not be less than 12 yds. long 
‘be held Jower than the rest. Lines are always in the elass of open works. 
‘The dead space may be avolded by ing a form of profile called the triangular, 
shown in figeat. The disadvantages of this profile are toe additional labor of eon 
diminished thickness of the upper part of the parapet, and the com- 


atraction, 
paratly slight obstacle to escalude presented by the flatter slope, A flanking fire 
walt Wpitteset se he teancular promicy ss .) 


17. A redan consists of two lines called faces, a and ac, fig. 48, which make an 
of about 60°. This angle is called the salient; its bisecting line ad the capi 
‘and the line bo the gorge. The redan is mainly used to sequre a flanking fire 
slong a line of parapet oF a cross fire on important ground, 


tion is pan 
‘The trunca- 
line, a8 shown dotted in the fig. This form 
ig usually open, but may be made & half-closed 

ows the gorge. 
‘four lines, two of them, ab and ae, called faces, 
flanks. The angles at b and ¢ are called shoul= 
and gorge are as in the redan, ‘The ealient angle 
‘an effective fire on every part of the foreground and a 


Hi 


consiat of obstacies or ofa low trench, or ofthe two combined. fn aay 
‘must be left through it for communication. ‘This road may be closed by 
‘or remoyable barricade, or may be swept by fire from a short trench Inside 


iu 
i 


I 


donble parapet, the front oue serving as a parados 
‘uen in the trench from shots coming’ from the main line and also us 
to command the interior of the lunette in cuge the enemy gets In aver te 
1e gorge profile, fig. 50, is a type, - 


are works entirely inclosel defensible 
Redoubes yy inclosed ‘by 


i 
; 
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Eee ea 


meet 


— slob ul to ae th ac of 


sothay thoalt by 
in rear ofa line toon aaa ee 


depend upon the size of the garrison to be 
Khe sroupitand teconsvante daeatraat auscie 


is first, as the siting of 

‘tnt fs larger oneta tae eu g i ——4 
Secor mene 

phe ee ast aa 


ibepdgadaes location for the 


ring artille 
sonra ie ht rnd 

Taterior moat important thing f the protection of the 
Pret from flank en revere dre, Ween lnvisibity te ot enten 
sarin Tee the cadet etuod of pling tnforar ve overhead 
cover wil be, necemmry. Tt need not ily De envy. “Six ins. of earth on 
brushwood stiff enough to support it will When long-range: 
tiny be expected from the frout only, the overhead cover velit be devaenear se oe 
front edge of the trench of the front face, in excavations LORS TEESE 
on the Maoke, nad along the edge of the trench opposite Werapec Wn Vos ESTES: 


22300°—12-—$24 
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tna tion, the object js to force. the enemy. to and to 
Him toh corftnietinnt cod thon rotons to nother position etore his advance 
close range and before lis fire becomes annoying. The command of the foreground 
is of no ‘whilea safe withdrawal and the front 
‘be avoided, The forward edge of do, or, if the 
enough, ihe, ror sige ray De, ou if there Is tinibor on the 
‘should be the location of the 
eral position ix not possible, a in case of « detached 
‘guarding & well-dedued and Known objective, Seceplion must take its pace, 
‘trenches actually occupied must be 80 as to afford concealment of ths 
‘min, and dummy trenches, purposely. made easily visible, may be ar- 
ranged to driw the enemy's fire. Dummy trenches should have head cover, not 
only to make them more conspicuons but also to make it more difficult to discover 
whether they are occupied or hot,. They are bettor above and bebind the occuplat 
Yronches, if the lay of the ground permits. ‘The enemy will observe that fire comes 
{from the direction of tue dummies and will conclude that it comes from them, Viro 
directed on the dummiog will puss over the heads of tho defenders, condition prof- 
rable to shots falling short, Which would be the result of d in front of the 
‘ocoupied trenches, | 
‘When an organization is designated to a particular part of general Line the 
devolves upon its commander te determine what ts ta bo domea stren ane 
poms ne 6st Win sr atarsad weuoNt Seba, ‘Ho will direct what to 
Beigouas sesienfs wills, towers and bow ie ese bt tsb Game EAU 
ery a eR aea eoateecen eer bef fe Se 
P’ ely forward, and the cons ‘cover, 
of the ponition toward theendayand giving frst ait 
‘secure the moat and best cover. 
hfe Ta boon done wil be of fall ose 


24. Revetments.—A revetment is a covering or facing placed uj 
slope to enable it to.stand atan inclination greater than its natu 
Steep interior slopes are easier to fire over, give better coves soliacowe eh 


zontal space avail ome revetmonts lao increas tanaclty al 
ish the injary from fire, Revetments are applied to the interior or ar 
Meigths of parapets for ai of the above reasons and Yo traverses forall 

sce upper parts of ravetmenta which may be struck, by shots which Bare mig 


cover of earth must not be materials of large units or which 


ter when struck. ‘The construction of the uj of a. revetment {8 often 
ty tons crowning. ee 


25. Sand-bag revetments.—A sand bag is 98 ins. long and 14 ins, wide, Tn use 
it is loosely filled with earth or sand, requiring about 24 cub. ft, of earth, and having 
bean piace in position ts fattened’ with & shovel to ‘oughly rectangular form, fn 
Which itifillsw space about 202x185 ine, ‘The bags weigh about 62 Ihs, per 100, 
and when filled, about 65 Ibs, each. 


A revetment is constructed by laying the filled bags ns 
eadtey orasbeadcre ions. Shotop row sould always ehondern eae 
‘of headers and the seams of stretchers should be in the paray Datensse ee rae 
‘splinters and are conyentently used for the entire parapet: they 
‘are more readily transported than ing anita a ey other revetting 
muaterial, they are of great importance in fleld for ty Is 
disadvantage, though in many soils w surface revetted with, tag frond aftr the 


bags have lok thelr strength through decay, Gand est pray: 
exaust in 


ing and repairs, however, that th 
Fig, 53 indicates the appearance of a sand-bag revetment as soon from the front 


construction if anything else can be had, 
and from the cud. 
Rate of working. of 6 men, @ shovels, ple, 1 bag holier, and 2 ioe 
wt a i 160 bags ait hour yd 

‘Supposing the bags to be ile from the ditch or trench, with 10 saditional mee 
Gtoutny and 410 fay, or aquad OF 10 men ail told, 160 baga per hour can be taken 
care of, making 75 aq. tt, of revetment. 

26, Sod revetment.—A convenient size to cut sols iS\B Xx. 
they’ may be cut larger, but the length should be twice Ye. 
grads down, In courses, altornately all healers wad WN WACSTs, 
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‘wastage, 450 or more sods. must 
Hf the grass is long, it should be mowed before cutting sods. 

‘One man should cut 80 sods per hour, oF place the same number, A vod plow 
cut as fast as 50 men, 

If carrying is done by hand, multiply the numberof sds to hemoyed por 
‘the average Ie ‘of carry in yds., and divide the 7,600 for the 
Dec of carsiem. hey enouid work iz puie;eatrying @ woos between, then 
wagons: are available, estimate as, though Ronda: 0). 

‘Unlonders will be req ‘not be 
‘one man for 00 sods per hour. - If ordinary 80% 


OG et gh 

0 beat in willow, : or hazel, For wea 

fod Ih most pliadlowhen ot trie BRUC bambou OF 

similar vogetation, may be considered as « form of 

should not be more than an inch in diameter at the butt. 

(E may be of larger size, Ia cut 

sorted in sizes for the various uses and tnade vj 

in one direction, The range of weights ts given to convey & 

sizeof bundles, ‘Ths determining condition is that each bun 

‘Which will soon be determined after work begins, - Poles of 234 in. diam, at 

Or larger are not bandied but are piled together, ‘They are weed for posta, binders, 

rillage, and similar purposes. : rye 
‘The amount of labor required to cut brush will vary with its character, whether 

hand or soft, crooked or straight, thick or thin, "A rough average may be'talten at 

S.pandiea péc man por heer, ‘The men work in paira, one cutting and one sorting, 

a rericarestee by yas the number of mndles by thi tists 
or |, multiply the num ° 

tani tivide UY 2 00 Tor the Gumber of wen required: It traumportaion is Py tens, 

‘asruine 35 bundles to equal 1 yd. aud figure as for eatth. 


428A fascine is cylindrical bundle of closely bound. 
inclines use nr ost godveniontiy cbtsined. by swing standacd 
met ‘are most couveniently ot sawing a 
Bor ese, weight of  fasciue of ‘seasoned material will average 
Fascines are made in a Cradle which consists of five trestles, A trestle is made 
of two sticks nbout 634 fe long and $ ius. in diam,,deiven into the ret 
lashed at the intersection as shown in fg, 65, In 
‘trestles 16 ft, apart and parallel, a ling 
tersection, piace the others 4 ft. apart and lash them $0 
fairly to the line. 
To build a fascine, straight pieces of brush, 1 or ins. at the 
the butts ‘Leaves 
‘and. wo 80 that they: 
‘outsida, butts alt 


filled, the 


nie ssh of 
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=o Iesngo of wheels afar the fence has been cut, ‘The fence is much mote 
Dea fgets Brurided ith an apron on ‘both sides, inclined at 

sonst as in figs. 102 and 103, ‘This form was much used 
Ip onth Ares for coamooting lines lines between bi When used in this way 
fhe lines of fence may be 200 to 400 ys. long in plan Nike worm fence, with the 
Hockhousgy af the reentrant angles. Fixed reia for rif ying them the proper 
aim to enfilade the fence, were prepared at the blockhouses for use at night. 

Such a fence ‘in many ways to give an automatic alarm either 
Hesntaboly oceltscmiali. he mechaslaal Sucastatbaty angen ck apeas tore 
single wires which are smooth, and are tightly stretched through staples on the 

posts which hold them loosely, permitting them to aip when eut and drop a counter 
FReleht at fhe blockage, Bh in falllag explodes a cap or pala the trigger Of 


6T. pits or trous. Fn can excavations in the shape of an inverted 
cone of pyramids with nthe bottom, They should nt be so deep. 
‘to afford cover to tl irmisher, Ne nal oot Rau tvas te tose ip a baloable tpoaee 
Fig. 104 shows a plan and section of such pits, 

They are usually dug in 3 or 5 rows.and the earth thrown to the front to form « 
glacis, The rear row is dug first and then the next in front, and so on, so that no 
Earth ie cast over the finished pits. 

An excellent arrangement is to the its in & checkerboard Tea nie 
nate squares td tag ty echt em ‘to form « wire ent rent, 
ee ee ae 


i& rigid in form and movable may be 
der egreonee tn come Sie tai aa t the advance of an te 
Boxes, etc., have been so used. The 
Prints nore sate Hcofucr huscon sbbehd op Tollotea, no fer te thy oharachee 

‘the materials will permit. ‘The rest ingenuity must supply. Such devices are 
cme barricades und are useful in blocking the streets of towns and cities. 


59. Inundations,—Backing up the water of a rion so fiat fh recta oe 

siderable trea forma good obstacte eyon though of fordnble depth. 
diffioulty of fording may be increased by ie agen i 
water Sp onby viving siatee of making entanglements. Ford 
TTueally boon obstructod by ordinary barrows ladon the teeth up, 

‘The unusual natural conditions necessary to a phe ekg Et tho extent 
and character of the work required to construct the damis make this defense ofc 
tonal use, It may be attempted with advantage when the drainage of « considerable 
flat, area passes through a restricted opening, a4 a natural gorge, a culvert, or a 


coribs filled wit th 
si il ace ne i 


ge rnrmalpimesaona ky ln gerth orale 
“the Sheraton wil not ve tect i “dl 
employed. ‘The onde af ‘must be carried well ito the earth to prevent the 
from cutting around them. 
‘When the local conditions permit water to be run into the diteh of « parapet It 
should always be done, 


‘Accidental Cover includes acéidents of the terrain not of natural origin, 
which ela Ue toed to bdVantage ts cover from tiew und'frer “Boch ara radi ea 
ther inclosures, buildings, cuttings, embankments, ete. 

All these require. $0 bettas sabres se ‘application 
ote orooing pip to sah cgay lin Dy theilatra- 
tions. The preparation Pee eae aan wie of the cover 

by providing for fire from it, im 

10 shows thie of ‘ forasingletinr offre, 
De eet ler than & thigh, fora singe te 
pieabie ant oa SO Wa, 


112 shows w hedge ‘wereens Tae parapet Woes SETS 
noldd the exterior slope at nteep chs ap Torta wa essen SN 
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FIELD FORTIFICATION. 889 
See tae ihesbeotnetnnd nt esoaringim omianenimenian Abilis 
‘one. 


ig Liksbons thaws wathode ot trvasing Arita ontyens by 9 Horot Arp um the 
deanee alday sneha by 8 Mot of fre on the by a firing 
Mister trom the fiat and, sdvance from tie second are obatracted 
rere Both may be used, the fire of the rear line cov 
front one. Caro must be taken that the rear line can not 


Pabicgs asp a netuey eh unde 
deteneibe by berricading all windows and doors, except one, 
"hon akltored side, nd providing loopioles 
for doors and windows may be of solid materials. such aa timber, iron, 
brio stone, of stockade construction, par-46, oro hollow article of ‘kind W 
to retain earth or other bullet-proof filling, icles of furni- 
ot, and. barrels may be mentioned (see also Revetments). Bags 


Pe denne ste id 
ives from view: 
‘taken not to exclude too much light. Openih 
sas additional ones made to give the 
should be cut through the floors and ruof to give 


romping id already explained, par. 13. ‘The loopholes should 
rule, be lees a4 npart in the me Mer.” They should id be coranged twockonse 


trate fire in front of doors or accessible windows. ‘should be further strength- 
Seal Go daicistiscncon ea emselalo nach har peer 
ftantkicy Heo. Toe lopholee for thom may well be wear ts grove bo thats flor 
ire. The for them near ‘0 that a 
for otherfre can be placed above thet. 
As soon as the barricades and necessary banquettes aro finished all other com 
fasts tstsal suse n temared sal spe ol sorih can wake er day aking 
sould be placed af convenient puts. Stores and ammunition are alo brought 
in and disposed of in suitable ‘space as secure as possiblo from fire should 
(i ied aa le aca A ‘und Jatrines rust also be arranged for. 
‘The defensive preparation will depend much on whether the house ia to stand 
‘an actual aaswult, oF only to afford an advantageous cover for fre upon the enemy 
‘while approaching. ‘This should be determined and announced when the order to 
‘ocoupy the house is given. If the building is to bo hold to the last, a good flank do- 
{enge noxt be arranged and he interior walls uxt be loophole aid arrangements 
mado to quickly barricade interior openings, wo that a Aghting retreat may. 
from room to room.» 


‘Tn addition to tambours and ca pes, 47, tanking by vartcal fir may be 
sccompllniad, wn shown in fig. 1 Suck, constraction ir called 

a from such a ach alr fs not very effective nnd will usually not 
Soni tie weouble of it, Hand grenades, «mall enough to be pushed 
Through the loopholes, Wil be equally ttective 


62 Ji at cere a of the building is fn 
must be ‘all obstructions to fire and wu 
‘coustrueted. Good obstacles make flank defense much lew necessary, 
Seppe Seba ne Sea Sat ieee ee rs 


tn Stomp of such as villages, may be made the cover for a 
[ida veaabel of theey, palbeiast te necemmnntnee thaetred 
Sin, of moat substantial construction and so siéuated an to fan ench othof are 
selected and treated as above described. The rest must be torn down or burnt co 
‘clear the ground, 
64, General considerations.—The 
supposition that che bestia attainable, 
case. War docs not usually permit and 
to ret some gubatantilresitand eotieqeicky. The 
fortification, must.reckon with tour. 
Hive nck of tea, Took of tool, and lack k materia, 
Ha object of dolag the very bash thing ahd compet bisa We NOTE UTE ASSESS 








the wets 
The of is called a charge. Thé 
‘for the reception of Wie charge is Taine chosubes tr siege ae 
79, The lisites of subtersan: rations of 
primary reaal Wes Conger are scoprsty: 


‘80. Accuracy of direction may be secured in sufficient 
Tabide of eehoda, desstibsd ta Boon 1 the ts 
of surveying isthe absence of 

readings of instruments may be made by artificial light. 
Jess light there is in the gallery, other than the target and reading lights, thebetter, 
‘The best target is» light of medium behind # narrow slit, 


Amprovined. var et ori ‘ig shown in. 
‘adjust To 
‘width can be aijusted to 


a8 shown in fig. 127. Phe eages of the 
‘to each other and to the line of ‘Whe box 


fngle between tbe poe i 


‘The slope of an inclined gallery is maintained by the nse of « field level, » Man 
forms may be lmaprovised by the use of @ level tube or plumb line, A convenient 
form 1s shown in fiz. 190.. The two pieces: having been pivoted together, us shown, 
fare given 6 series of suitable angles of inclination, and nt each setting @ small hole 
is bored through both forming two series of holes, aa indicated, ‘To repro- 
duce any wetting. the pleves nati the corresponding holes fall together amd 
closely fitting pin through both. The longer plece is placed on the inclined 
‘the gallery, usually on two consecutive frames, for which ts length is 
‘On the aborter pisce may be an ‘Carpenter's or other level, 

or a leyél tube may be set in the piece Itself if conyenten! 

t accuracy need not be maintained during the 
est must be avoided, When the fra 
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‘Tho cases of branches and small branches 
‘iow to relet rupture by the explosion of nelgitorin 
ase in oral an 


sven thicker, have been 
posceinnee, cena oa Tar gullerios of alter 








Stan- 31,|Ground| Stan- 
chion. [CP] si | chion, 











ie and 
tnd digng te st terval 
o 


dor rahieysy is ith. frame. The be eee of the: 
“3 tah tees 
ng eld oa rom moa frame iy stable wedge, and the excavation 
second interval is 

Tn vil por ide shaft will now require 
[frst eo fig a pr 
previously placed being driven down as the sheeting is: 

tors tausiiary fame need sh 
inward, a0 auxiliary frame is introds 
frames, but from 4 to 6 ins, larger in oul 

‘against the outside of 
be to be inserted as, 


the thin! frame to id th 
Stuciary frame is then removed and used in the next interval, 


with its top at the level of the floor of 


required depth, A frame. 
uguaar yeaa Re 











oF bot 
san a ae 


‘a of 
‘hn 
me fe 
‘nd 


au 


4s placed directly under the top sheoting and against the 

ld in place by braces at its ends secured to the 

le . ‘The earth is excavated until a second plank of the We 
in the same way as before under the first one, 

‘entire fice ts covered. are then we 

of the shield ad 

ig removed and described, 


es. 
‘firm 
je shiceting {s omitted the width of excavation 
of th gallesy and the stanchions be let into the 
‘ease the grotind sills are 
Hocbhy sesuts Gediroctly upp te 
the planks of the top sheeting are sometimes more or less 
‘This can only be recommended when rapid and tomy on 
listed mato 


Position of frames.—In driving descending Detter progress 
madorand Joop material weed if te featpes aro set of right anglen to tho aie of tho 
lory, fig. 148, and this ia the usual custom. In dri 
impracticable and the frames are set vertically, fig. 147. Tn all 
clined galleries are driven in the same manner as tal ones, 


147, 

Bp tl nas ‘pass gait. 

to give the side sheeting th ling troseieein the oton fs 
ery far dhe Tower pieces, ne ee 


an passin eellery, Se 
i eam 
aid, direction, The frame 7 


If the descending gallery is very steep and the horizontal pressure of the soil great, 
it may be Doosan fo Seaethen the sanchdope of the last two or abroo retical 
frames by crosspieces near their upper ends, 

94. In changing direction horizontally with frames and shooting, if the soil 
will stand aed sear tytn interval, or even lesa, it is only to 
place one or more frames at an ungle until the necessary change is secured. Wor 
sheeting on the outside iv placed by running the forwart ens, HPOAk Tos Leese SS 

inserting the rear end behind the lust bay of wheeting. 2 ea OR 

If the sides require constant support, Ue outer one mrs We coUeONENS SS LY 
rection until the wedge left {4 thick enough to permis Lae Weehoe, 


2239021206 ogle 
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Ce any eis aria eee 
‘and sills are | ‘and the last one 


@ ontelde to take 


in the new 


ecenis Wek eee 


the side of another is 


ordi tthe angled 
gallery of departure. 


return ies ith nav aia 


‘acs 


et the Tength of the, faccieonr 


5 pied bard 8 en 
: as eee ss 
methane 


her 
an oblique return should be s0 set that the sides of the 


‘stanchions 
‘bo parallel to the side walls of the return, thus giving a good bearing to the side 


Ta very bad sth rot few fame of rtura mit ema braced to 
backward shruat of the earth, by, battens connecting them together dnd 


ses tie 


satroms the gallery of departure. are removed whetr the return ‘rat 


uae 
cores 


sh to 
hed ou tr hfs of He ier log 


wrtises, The 
"The next case is placed: cen 
Dat on tite eg af a 
ea ete 
lonelama quai nix pete ater end only and secured 
the other they are easily placed in position without eutting out behind 
Upon reaching the level of the top of tbe 

the shaft are omitted if the ground is firm, bat 

put in place and secured by cleats or braces, at ‘the tenons 
ns vine adaacy os RE 


jomevat ae “Phra st 


‘Support the ends of the shaft 
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98, Rate of working.—The following table, ‘the 
required for thats and galleries, withthe probablotate st advacoo ie goodea 
tasted d Sat. 








ohn eatery | 


Common gallery__ 
Half galle 











*Four of these may be unskilled laborers: 
G 


Instead of a truck a canvas bag may be used, A large hoe or ‘be ea 

aiden tock te cee fos eb tons aha may eS. 
[Pheso numbers are for small shafts at about 2 ft, by 4 

Jarger force, They advance at about the sui rate ax gall 


90. Ventilation.—A gallery ean not be driven more than. 
rentilation, ‘The only poseble way of venta 
fs to force fresh air into the working breast, w! 


of galleries, havin; two'or moré outlets; sir maybe 
from one and drawn in met aah de, fa Sereens or doors: may’ 


Th urgent cases a man may enter and St 
xentilate, hy proving him wie mask 'dbe nose 
J throngh 1 hose oF from a roservole. compres! ir 


‘100, Drstmageie-Much waver a SO8 IT: 
at tenth. tt neath 























hatrous Wault of a premal 
occurrence, that has caused hij ‘explosives to be. 
"Phe following precautions should always be taken: 

Gun cotton should be ik Nc ebremprenlthy m cont of its weight of water, 
Yeapprtoracten scaled, oy ee personas eee ae 


anust be kept well apart from 
are not at hand, wet cakes must 
Al other powders should bo stored in a coo, dry, xhided, onal tee 
‘space, ‘The main supply must be well ‘removed from the work! 
Avoid any unnecessary accumulation of powder at any of 
smagnaine provided for it ail expecially donot allow sat 
‘where capo are stored or wliore poimers re made pr 
Sar STP ANY Stak Yep onde SCA MER ARE eal 
eect ectatiniet aeahelsaaeertets _Covperia the only 
sal tat should bo used. Wood fs hotter 
Keep cartridges fre from sandr tier grit wstane, ' 
bend, strike, or heat x cap 0 Soo that 
oie a ot a ea seg 
from contact with powder. Redip if necessary, keeping the in Th a water 
Butb and only warin enough to tow freely. 
‘Be careful not to allow a pall to come on Divs of ERE ~ 
should not be connected to the leads, nora fuse Lighted until 
is ready for firing, warning has been given, and. time allowed. foneyery> 
to, anfo distance, “Aga rule, the ‘exploiér should ‘be used ar the fuse 
ceed piet te responsible officer. | sted 
devices.—The powders which will be used are all of thie class 
can be fired by detonation only. ‘The detonating compound in general mak 
fulminate of ‘mercury and ull’methods of iring Involve the ote 
‘Soennty of telaincir Dusloved ln e'capor fase sed plaose ta’ tee ange 
i caaly ignited and very violont Which Jatt have ind 
use, Itis unstable, corrosive, spoiled by moistare, and highly sensitive to and 
friction, | Except strength, it possesses no characteristic which does not tend to upiit 
it for military purposes, It ix usod as a matter of necessity. 
Caps and fuses must be carefully handled, must not be assembled in consider 
able quantities, and must be kept away from the explosive, 
106, Blekford or safety fuse is used to ignite the fulminate wlion oletrety in 
ot it of a powder ‘wrappe’ ‘k waterps 
Houtlayeropping or double tape prolerad., Thin tuss may beasod inet holon; but 
for under-water uso it should have a continuous rubber coating. 
‘Time fuse burns at an avorago mute of 8 tt, per minute; but tho rate fa not raga 
Jar, and when time is important the rate of Genero tested.) es 
Instantaneous fuse burns nt rato of 120. per ETN 
fuse isa diferent color from tho tims fax wd We cr Nao — 
coarse thread, making it easily distinguishable by’ orate, Bo NOSE 
be no excuse for mistaking otie fuse for the other, as ce, 


Goole 
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out to its natural angle and back-Blled and tamped the stones, A chatge of 

25 Ibe, should scatter a cu. yd. of stones over an area 200 x 100 ys. 

‘This form ix difficult to and easily destroyed by the enemy's fire. 

Tepereaeinipeaiectectireed piss in fig. 167. Tei poms tener 
sprinkling earth over ‘an automatic firing device may be used with it, 

‘which is not practicable with the inclined form. 


iit, The 


‘are often combined for the same mines. 
takes the form of a mechanical 


of ‘mines will ordinarily be the work of technical 
rsuppliod with approved apparatus, ee ta 


us. ns mining is done at and is, 

‘opposed by count dhe extugt Sbteia hide o doabee per 

in view; to reach the original et the charge where intended 
Ena fring if and while wo dolng to detect and clrcumvent any attempt 


tly and certainly not. 


requent 
* ially should tary caut 
ig, Hapecally should taming be canton 


Galleries are machi more vulnerable to a side than an end attack. If the enemy's 
heading can be located, an attempt should be made to get a position on one side of 
hia gallery. ‘The best position iw ‘neatly abreast of the end, a little in rear, so that 
ithe in igrng consort ‘of his gallery will’ be destroyed, of if he is 
losding or mine will be ° 
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‘every member-ent on the same cross section. Continuous girders or tbe 
‘Sutnear tho-sud of the shore spans oppont the sousnouiene ss OG. fer 

‘and trusses aro better eut near the abutinents, where the cross 
scations of thors (pee pee ea a 

‘usually possi charges in a more or Less acute’ 
Hien tog by tncgwing ects vpve Leen, “aes otast tien cmap oc pe 
fou lacie greater than if placed againat the side ofa single member; and, unless 
tio ot the charge cccorcin, It wil Us Beker eoosd thee y 4 
casing, remembering that # complete ru yf the entire eons tection of the 
bridge is the object in view, Panel selected 
4s to attain this object with the sinullest number of chi Figs. iw 
Jocations of charges for trusses of different form which meet this condition, 

A cantalever bridge should be cut over the towers, with especial attention 48 the 
complete rupture of the top chords, 

‘Wire cables of ‘are difficult to cut, ‘The best place to work 
slot eae HE ig Me Dees ie 
data as to charges ‘aga foun ghvee Om= O48 rin whi EM th 
Deoecterek tos stints indhen eeming Ine conse to By with a thick 
‘and width which is equal tod, the plate becomes Om 0.31 8 Assan 
‘the cable to be equivalent to & plate with a width equal to its circamferem 
tnlerness equal erie radian tre plate oreana veconte O'S 40K ita probate 
that the last formula will give a charge which will weaken the cable at least, #0 
‘that it will part under the dead load. For a cable of eyebars the charge is com- 
‘puted as for plates and placed between the bars. 


129. Railroads.—To interrupt traffic rails may be cut and frogs and other 

of switches broken. A stick fastened against the web of a rail up to 70 Ibs. will cut 
8 gup in it about a foot long; if the charge is tamped, a heavier rail may be cut, 
Bort: sts unay oranda isodnon Gorettinante, tek es two charges 
shoald be fired on opposite sides and a few feot apart, which will blow oat a piece 
‘and distort the ends, 


Psa son wroors Sp ne he ries 9s, hla wl ene 
atick between two rails, as, for frmcke and a guard rail, or the main tin 
Sad swish rail Wil Gut both arocch = alton Singing if Seay wed should 
always be done, 


130, Rock blasting.—For maximum effect, it is desirable to get th is of wn 
elongated charge "ey a pombe a ight les to the L. L. R. This is easier 
done when the mass of rock presents two , af & top and side, fig. 200, when 
Be bey can be dil erally trom th op wih he ‘R. measured to te sida 
face, called in ge ‘the breast. When the mass of rock an inclined 

which is Wee. vertical face is secured ‘maintained by suc~ 
ive rows of holes, increasing in length, fig. 201. 
wide range of conditions of hardness and Bh aba tinaaiaih Ge fixed 
Relates peace Ttried ick of ibe 
depth of hole, d, fig, 200, may be 13 the L, L, R,,t, and. the in 
2, from each other. For hard granite rocks T must be 
lop te tamping, ¢, should not be lesa than 144 times the length of 
e, fi, and h should not be more than 3d. If the length of char 10 weight 
of which may be taken from Table II—is more than § d, Tales be closer 
together in the row, or the distance from the face di ‘or both. 

When there is but one face, as in tunnel work, the holes shonld be drilled at an 
angle, fig, 202, Tho harder the rock the greater 4 should ‘his le be, within the 
Timits of convenience in drilting. Figs. 203 and 204 show tion of aril, 
holes in the face of elliptical and rectangular tunnels of amal small a size. The black dots 
are the positions of the holes in the breast and the dotted lines show the direction 
and length, ‘The couttal group sould be fired Arse, These ox ecp called Desetseeae 
‘shots and produce a concave breast which facilitates the throwing out of rock by 
‘the remaining shots. 

Canal woul a ncoeeesy Doe ee ‘The first loading may be done sccording, 
‘to the rules already given. ite effet Ie tobe earstallg moked, sa Soe NOSE 
direction, and depth of holes, and weight of charges so modihed wa to provace Toe 
desired results, 

Af the stratification is very pronounced, amounting to Assures, 

be driven wholly in one Bie not Lying in or crossing s hasare, 


E Google 
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181. Ice can be removed by blasting if there temeurrent to carry the loosened | 
blocks away and clear water near to receive them. ‘Thc ~woumeotion with the shore 
should first be broken. Small charges rather close together are 7; om the 
surface covered with earth if the {ce is thin, in drill holes if very thi ta work 
‘will be progressive, and charges, distances, ots., can be determined by trial better 
than from any rale. 





‘Tavze I—Areas in 0g. ft. of parapet sections for certain heights and widths. 














Height of Horizontal width of superior slope in feet=s. 

fn toot 

se") 2 Jae] s | «| 5 | 6 | wo | a | 
‘30.14 
476 
58.82 
60.38 
92.00 
116.82 
171,86 
235.10 
306. 34 











ADDENDUM, 1907. 


22a, Figs. 205 and 206 show an infantry redoubt recently built at Fort Riley, 
Kang. foF tnt purposes, Tt cmbodios sons of tho Tato approved features of wach 
worl 

‘There is a tendency to limit the use of redoubts to the strengthening of 
points. In other itcstions their de must be restricted as much as v4 
‘that the redoubt resembles @ trench of unusual strength. Overhead cover will 
always be an important feature. 
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ANIMAL TRANSPORTATION. 481 
He ote be) ment veumare cralcomite.arebeaient Another 


| While the mules less particular about his food than the horse, and will oop him 
ose important that his food 


i hollow or nest in front of each 
‘hay fx fed and the ground is not dry and clean, 
while feeding: 
‘or trampling it into 
cout after’ a hard march will 
taken away and offered to 
after they are rested a little, when they will usually take it. ’ 


vedies "Au ounee of aitrate of potash, or, 
pint of wood ashes mixed with the bran mash, 
effect, Common salt hus the same effect, 


5, Salt.—Mules sequire a certain amount of salt, of which 
ju ‘The allowance is 2 oz. per week for each ‘which may 
to 12 of, per month, in the discretion of the comman 


a Seciia e ket in boxe rom wht the mul 

need. jers should make its appearance anywhere 

‘iheeo boxes should be discontinued and sult fed. 10 the animals 

Dost done in the bran, mash, On. the march. eat must be fed: in the mame way. If 
the mules are foun ‘each other or the harness, or guawing wagons or man- 
for it sn indication of lack of eat, i“ tes 


6, If the mutes are herded for i€ at night, there should be w bell horse to 
i horwe shout 


‘keep them from straggling. ‘The ‘be hobbled but not picketed If it 
can be avoided. ‘There should also be a herd guard on duty, Pack animals are 
habitually trained to follow a bell: horse, but draft mules are not, Horses havea 
‘peculiar fascinatio 1¢ mule, and if one is turned into a corral with a bunch of 
Inules for 2 or 8 days, they will follow him anywhere and can not be induced to leave 
him. If a pack trait fs short of grain, the bell horse should have «full ration, since 
he can not graze along the line of march while the pack mules can and do, 

Tn open country a white or gray bell horse will make it possible to locate the 
ruin eb ace pheeoe Gatauee This ay oF any Hot be deatable, ccoraisk. to 
‘circumstances. ‘This remark applies alsd to white or gray mules, 


1. Water.—A mule requires from 4 to 6 of water a day, depending on 
the season and his work, - In an arid climate 2 or & times as much may be required. 
Jn an emergency, he may be worked with what he will drink at one wateri 4 
but whenever possible he should be watered two or three times aday. In 
there should be, except in freezing weather, a constant supply 0 that the animals 
can drink whenever they desire to do so. It is ae important that the water be pure 
‘and wholesome aa for any other animal. In fact, the mule is rather particular about 
his drinking water. In every herd, some animals will refuse water which others 
drink and which appears to be good,’ No pains should be spared to find water which. 
these animals will drink, 

If the mules have had enough water at night they often will not drink before 
starting in the morning, In such case every effort must be made to get water 


Google 
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9. The following table of veterinary suppiies is sufficient for ordinary require- 
mente of fleld treatment: 




















Quantity ant 

Artictes. Desig: | “for 100 Soran 20 rd 
nation. | animale. suimals. 

‘ 6 8 

16 2» 4 

1 2 3 

1 2 3 

%,, "4 2 

ry 1 2 

a 4 6 

4 3 2 

2 4 “6 

2 0 0 

1 2 3 

1 2 3 

4 6 8 

3 2 16 

wy 3 

rlo&l 4 

a Fy 4 

Potassium, nitrate ——— 3 4 & 

Sulphur, powdered 1 1 H 

Sweet epirits of miter. 4 8 Y 

‘Tar, pine. 1 2 3 

a «| 6 

a| 3 4 

2 2 3 

2 3 “4 

4 6 8 

10 wo | @ 
1 1 [y 
inary .. EA Ey Hi 

Silk for ligatures, heavy-bra Fy a 3 

Soap, white castle. | he} 0 u 0 

Sponges, surgeon's a-—-sansassowsasww| Woe] 2 3 

















10, Standard veterinary prescriptions: 
One ib. fiuid=16 os.=1 pt. 
One dram solid or ftaid= on. 


A standard silver dollar weighs ‘Mf, apothécary’s os., oF :Mfy avoirdupois on. By 
giving liberal meaatire it may be used as an ounce weight. ° 

A b-cont nickel may be used for a dram weight, If well worn it will be early 
right; if new, take scant measure. A balance can always be !mprovised, 


Antiseptic or sterilizing dressings for external use only (Nos. 2.and 3 may 
‘be used on eyes, nose, and mouth): 


1, Creolin 1 part, water 40 parts, 
2, Carbole acid 1 part, water 40 parts, 
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‘To prevent thin, chceing is resorted to. Bat 
shoes are on, Chere is no wear of the walla, which grow Inger and raise the 
preasare frum the wall and allowing it to con- 
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boer 
‘any tool. If the bottom of the foot is foul, the aboer 
et always with a scraping. never with cutting, tot, 
the business of the veterinarian or farrier, not the aboer. 
inseveral sizes. Sambers? 105 will answer all ordinary 
Fo. 2 shes bo 3, im, whe by By ine longs aod the Noe 
ins, long; all are 3¢ in. thick, and are panched for 4 holes 
warface of the shoe is slightly Leveled. the outside st in. higher 
Bail holes on each side are connected on the bottom of the shoe 
‘The shoes are packed in kegs of 100 Ibs. cact 
shoes; of No. 3, 85 shoes; of No. 4, 72 shoes, and of No. 5, 
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‘The old shoe should be carefully removed by cutting off the clinches and drawing 
, bringing all the nails with it, 


E 
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filing of the aides of the wall will be necemary to -omplete it. ‘Th 
applied hot for a moment, and the bigh points indicated by burning are worked 
Gown. The shoe should then be applied hot long enough to slightly acar the lower 
surface of the wall, but no longer. It should then be cooled and nailed on. Io 
Railing, begin with the front or toc nails and drive them in their order to the rear. 
‘After all aro driven, cut off the pointe near the hoof, rasp the clinches thin enough 
to turn easily, but do not let the rasp cut the horn. "Turn the clinches down snug, 
bat do not try to drive them into the hoof, nor use a file on them to smooth up. 
of vicious mules.—Ordinary cases can be handled by lifting the 
astern and be sure that the rope can 
ind foot, draw forward between the legs 
oF to a collar; for a fore foot, bend sharply at the kneo and strap tho pastern to the 
spper log, For bad cage in the fold, throw the mule end shoe bin while down. 
the shop, constract a frame of stout timbers in which he can be tied in every 
rection by ropes, straps, or canvas bands. Twitches on the ears should never be 
‘used. If absolutely necessary to control the animal, put a twitch on the nose, 


12, Animal power.—The capacity of on animal to exert a tractive effort decranee 


















as speed and time increase. Asa basis, it may be agmmed that an average drat 
male can pull on a level 80 236 mies an hoor for 10 hon avery day, oF tn 
other words, con ‘alles of average level ronda every day. Tt « 
pall of 160 Ibe. is only, the lower dle 


Eiice being covered by a slower gait or longer rewta, or an fn unally thn came, partly 
each. An animal can exert 2% times the normal pull fora few minntes at © 
time, and 5 times for a few seconds, provided in each cane the demand ls nut repeated 
too frequent]; 
‘The foad which can be hauled on any pull depends mainly on the kind and 
condition of the road and a little on the wagon, especially ax to wilth of tire and 
five of wheels, For the staudard army wagon and on a lovol avorago dirt road in 
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Loops, haleer. Fig ims én. 

pre Bake, So 2 ee. 30 pe tee —_ 3s 

Rings, So. 2 7 and 2h ean 
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ng rece 

Rivess 

sihe irae Ty ie 

SSE 
=< =. 

Posing = Sie 

Seat baker, 9x 1 ie _ 3 éen. 

Tacks, 4. & and tee — 3p doe papers cach, 

Threed, shoe. Rasteur's Sex. Sand 1a, wise — Tin cect. 
Se ceddier's, Mick, qpeing, mmr, or winter OT 





14. Wageas.—For in ase int Caleed Sates 
service art the army, Sewanee ore ic 





Ai 
ee 
axle wrench, tar pot, extra kingbolt, 2extra nuts for axle, a lead bar with siretcher 





of wagons, the poutoa wages, 
10, weighing 2.200 Ibs., and carrying 2,900 Ibs, and the chess Soaks 
1,150 Toe. and carrying 2.300 to 2700 Ibs. The pouton wagon is uscd for the woodes 
Ponton. ‘The ches wagon is used for all other bridge loads. 


To keep a wagea in order it is only necessary to keep all nuts tightened, the 
whocls greased) bd Wo wash the mud off whea opportunity offers: Fou toe ibe of 





[0 miles. Always clean off tho old grease before putting on the urw. In washi0g, 
use as much water and as little rubbing as possible. 


The following spare parts and extras should be cartied on cach army x and 





lax, 2 cans axle gromee, 
‘extra axle nats. Lantern. 
1 galvanized-iron bucket, Sopen links, 
1 brash. T pole, extra. 
Learryeom. 
LDR rope, 36 In. 0F 36 tn. wrench, 
1 doubletree. oe of atove wire, 
‘A similar list should be carried for the bridge wagons, Dat prefersbly, in wupply 
‘wegons not on the wagons themselves, For the latter, apare w eels should aleo be 


15. ws, Pa nin tat peck saddle is of the Spanish type, and in come 
smoniy caled by its Spanish name aparejo, fg, 12. fy Tapeechal arta re the body, 
the Gover, the cincha, and the crapper. These parts hnvo nubivisions, whieh 
are leas important. The accessories “a the aboke to make the aparejo come 
plote, are the corona, the blanket, the lash repe with Its cincha, the sling 
‘ropes, the lair ropes, and the mantas or peck covers. 

‘The body of the aparejo conslats of 2 pleces of heavy leather 24 ine, wide by BH, 00, 
or 62 ins, long, sowed together at the edges and across the midillo of tho lengthy 
forming 2 pouches, into which moss or hay is staffed to form pada fitting tha woutmah 





Animal Transportation. 
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front and the line soross them, The end wagons should be loaded ones, 
‘and all must have the brakes set. Picket Lines will be stretched with tackle if any 
in at band; otherwise, by the following method: Attach the rope at one end and lead 
it through all the supports or fasteninge; about 16 ft, from the other end. make & 
bowline in the rope, pass the end around or through the end fastening and back 
through the bowline. | By hauling on the end of the rope the necesoary strain may 
be sot on the line, the bowline acting as a single block. The end stakes of a hig! 
Mine should incline outward slightly. 

‘The picket line should be ditched if it is to be used for some time, and if rain 
threatens it should be ditched even for a bivonac. ‘The only exception is when the 
Tine is on @ ridge and the ground slopes from it in both directions. Open a ditch on 
the high side about $ yds. from the line. If the ground slopes along the line, the 
ditch will be parallel to tt, and will have an outlet at the lower end; otherwise, the 
ditch must be farther uphill at the middle, and will have an outlet at each ond. 
‘This drainage should be kept in mind {n locating the line. 


29, Stable dutles.—The prime requisites in stabling mules ar fre circulation 
of air without drafts, equable temperature, dryness, and cleanliness. Grain is fed 
‘at reveille by the rderlies, When the animals have finished eating, those to 
be used are harnessed and hitched up. The rest are turned into the corral or tied at 
the picket line. ‘The stable police then fork all clean and dry bedding to the head 
of the stall and work the rest of the manure into piles ready for loading. ‘The 
manure wagon is driven down the aisle and loaded. ‘The hay is then distributed to 
the mangers and the additional bedding fs procured and mpread, ‘The aisle may 
‘then be washed with hose and brooms if the air is dry; if damp, do not wash, but 
sweopup with stable brooms. ‘The evening feod is put in the mangers at afterioon 
stables. 

‘Mules of the same team should stand together, and their haruess should be hung 
nck in rear of thelr stalls. It is much better to have harneas covers to Keep off 

ust. 


Grooming is quite as important to the mule as to the horse, but he does not get 
‘90 much of it, and in the nature of things he can not. He should be groomed every 
day, if it can possibly be done. ‘When coming in from a long muddy march, the 
‘wet'mud should be wiped off with a wisp of straw before it dries and hardens. If 
the animal will not stand, tie up a hind foot as described in-ahoeing. Always tie up 
the foot on the side opposite to that which is to be groomed. 


21. Shipping mules by rail.—The cars farnished may be either: 

‘The palace stock car, length 36 to 40 ft., capacity 16 to 20 head; each animal in 
a soparate stall, with a compartment for attendants, or 

‘The improved stock car, length 36 ft.; capacity 20 to 24 head, with facilities 
for feeding sud watering in car, or 

‘The ordinary stock car, length 30 to 34 ft., capacity 16 to 20 head, with oo 
appliances of any kind. 
loading, examine the car carefully to see that the floors are not rotten or 
that the sides aro secure, and that there are no projecting nails or splinters 
on the inside. The car should be cleaned and the floor covered with sand or sawdust. 
Hay or straw should never be allowed in stock car on account of the danger from 
fire. ‘The man in charge should be provided with a lantern, bucket, and lntchot, 
‘The latter is to be used to cut away part of a board in case an animal gets his hoot 
through the side of the car. 

Except in very hot weather, pack the animals snugly in the oar, as they will rido 
better than if loosely packed. "If an animal falls down in the car {t will bo almost 

possible for it to get up without assistance. Tho attendant should enter the car at 
ie end and craw] along the side nearest the animal’s head until heis reached. ‘Take 
im by the halter and raiso his head. With this assistance he will probably get up. 
























For loading, uso the railroad platform or the loading ramp found at railroad stations, 
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‘When public animals are issued or transferred, the person in charge will be pro- 
‘vided with fall and accurate descriptive lists, which he will deliver to the receiving 
officer, by whom they will be entered in his descriptive book of public animals. 

Public animals shall, on tho day recetved, be branded with the letters “U8” oa 
tho left fore shoulder, the letters to be 2 ins. in height. 

Public animals will be assigned to their riders or drivors, who will not exchange 
or surrender them to the use of any other person without the permission of the com- 
pany commander, quartermaster, or other officer reeponsible. 





ADDENDUM, 1907. 


24. Figs. 27-84 represent forms of Engineer packs for various purposes, recently 
devised and tested. 
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